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Preface

Change is evident across the Ozark and Ouachita Highlands. Whether paying attention to State and
regional news, studying statistical patterns and trends, or driving through the Highlands, one cannot escape
signs that growth may be putting strains on the area’s natural resources and human communities. How
people regard these changes varies widely, however, as does access to reliable information that might help
them assess the significance of what is happening in the Highlands. The Assessment reports provide
windows to a wealth of such information.

This report (Terrestrial Vegetation and Wildlife) is one of five that document the results of the Ozark-
Ouachita Highlands Assessment. Federal and State natural resource agency employees and university and
other cooperators worked together to produce the four technical reports that examine air quality; aquatic
conditions; social and economic conditions; and terrestrial conditions (the topic of the present volume).
Dozens of experts in various fields provided technical reviews. Other citizens were involved in working
meetings and supplied valuable ideas and information during the process. The Summary Report provides
an overview of the key findings presented in the four technical reports. Data sources, methods of analysis,
findings, discussion of implications, and links to dozens of additional sources of information are discussed in
more detail in the other reports.

The USDA Forest Service initiated the Assessment and worked with other agencies to develop a
synthesis of the best information available on conditions and trends in the Ozark-Ouachita Highlands.
Assessment reports emphasize those conditions and trends most likely to have some bearing on the future
management of the region’s three national forests—the Mark Twain, Ouachita, and Ozark-St. Francis.
People who are interested in the future of the region’s other public lands and waters or of this remarkable
region as a whole should also find the reports valuable.

No specific statutory requirement led to the Assessment. However, data and findings assembled in the
reports will provide some of the information relevant for an evaluation of possible changes in the land and
resource management plans of the Highland’s three national forests. The National Forest Management
Act directs the Forest Service to revise such management plans every 10 to 15 years, which means that
the national forests of Arkansas, Missouri, and Oklahoma should have revised plans in the year 2001. Due
to restrictions in the appropriations bills that provide funding for the Forest Service, however, it is uncertain
when these revisions can begin.

The charter for the Ozark-Ouachita Highlands Assessment established a team structure and listed
tentative questions that the teams would address. Assembled in mid-1996, the Terrestrial, Aquatic and
Atmospheric, and Human Dimensions (Social-Economic) Teams soon refined and condensed these
questions and then gathered and evaluated vast quantities of information. They drafted their key findings in
late 1997 and refined them several times through mid-1999. In addition to offering relevant data and key
findings in the reports, the authors discuss some of the possible implications of their findings for future
public land management in the Highlands and for related research. The Assessment reports, however, stop
well short of making decisions concerning management of any lands in the Highlands or about future
research. In no way do the reports represent “plans” or make land management decisions. Instead, the
findings and conclusions offered in the Assessment reports are intended to stimulate discussion and further
study.
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Executive Summary

The Terrestrial Team examined the terrestrial re-
sources of the Ozark-Ouachita Highlands as a complete
unit, spanning 20 ecological units (subsections) and
encompassing 41,131,900 acres (64,269 square miles). A
unique feature of the North American landscape, the
Highlands are the only extended area of substantial local
relief (high hills and mountains) between the Appala-
chians and the Rockies.

This richly forested region has a long history of human
occupation and ecological change. The various tribes of
Native Americans who lived throughout the Highlands
until the 1840°s (when most Indians were re-settled in
what is now eastern Oklahoma); the European settlers
and loggers who cleared forests extensively in the latter
half of the 19" and early 20™ centuries; the agencies who
successfully led the effort to suppress and control forest
fires in the Highlands in the 1930’s; and modern day
urban and suburban expansion all have exerted influence
on the vegetation and wildlife of the area in many ways.

The Terrestrial Team was comprised of foresters,
biologists, ecologists, pathologists, and entomologists
representing several State and Federal agencies and
other individuals who served as consultants. With input
from concerned citizens, six key questions were devel-
oped to guide assessment of terrestrial (land-based)
conditions in the Highlands. To answer these questions,
the Team reviewed scientific literature and assembled
data from unpublished sources, including State and
Federal databases. Finally, they relied upon the profes-
sional judgment of individual team members and other
experts whom they consulted. In some cases, the team
could not fully answer the questions because insufficient
information is available. Following are the questions and
key findings from each chapter.

Chapter 1: Ecological Units of the Highlands

What are the ecological boundaries and
subsections of the Highlands?

e The map of sections and subsections of the Ozark-
Ouachita Highlands (Keys and others 1995) was
revised to better meet the needs of the Assessment.
Changes were largely limited to the Arkansas and
Oklahoma portions of the Assessment area.

e The modified map of sections and subsections of the
Highlands of Arkansas and Oklahoma is the first such
delineation in Oklahoma and provides significant
advancements over the earlier maps by Croneis (1930)
and Foti (1974) in Arkansas.

Chapter 2: Prehistoric and Historic
Ecological Changes

What were the historic and prehistoric ecological
conditions in the Ozark-Ouachita Highlands?

e American Indians influenced vegetation patterns
through their use of fire.

o European settlers began making dramatic changes to
the land commencing in the 1830’s through land
clearing and the suppression of fire; settlers also had
an impact on animals by reducing certain habitats and
by overhunting.

e Because people have been a constant influence on
plant communities and ecosystems of the Highlands
for thousands of years, ideas of “natural” (i.e., not
human-influenced) conditions need to be reviewed
carefully, even challenged.

Chapter 3: Status and Trends of Vegetation

What trends in vegetation cover and land use have
occurred over the past 50 years?

Are changes in vegetation cover—including age-
class distribution, species composition (e.g. cover
types) and fragmentation—taking place?

How are old-growth forest stands distributed?
What is their management status? What is the
potential for retention or restoration of such
communities?

e As measured by Advanced Very High-Resolution
Radiometer data, oak-hickory forest is the most
extensive vegetation type of the Assessment area,
covering 15 million acres (ac) or 36 percent of the
area.

e QOak-pine forest is the second most extensive within the
region, with 4.4 million ac (11 percent of the
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Assessment area). The largest acreage of this type
(660,000 ac) occurs within the Fourche Mountains
subsection of the Ouachita Mountains.

e Nonindustrial private forest (NIPF) owners hold 68
percent of the 22.89 million ac of timberland in the
Assessment area; forest industry owns 11 percent.
Thus, private and corporate landowners together hold
more than 79 percent of the timberland. The remaining
21 percent consists of public timberlands, three-fourths
of which are within one of the national forests.

e The abundance of oak in the Ozark-Ouachita High-
lands is matched by only two other regions in the
United States, the Central Appalachian and Eastern
Broadleaf Forest (Continental) Provinces.

e The annual net growth of hardwoods and softwoods is
more than double the annual removals.

e Since the 1970’s, forested area has increased in five of
the six Forest Inventory and Analysis (FIA) survey
regions in the Highlands and, in some instances,
dramatically.

Chapter 4: Silvicultural Practices

What trends are taking place in silvicultural
practices in the Assessment area?

What trends are taking place in silvicultural
practices on the Highlands’ national forests?

e Upland hardwood forests consist of relatively shade
intolerant species that typically are best suited to even-
aged management. Except for one case in Missouri,
the few successful examples of uneven-aged manage-
ment in upland oak forests required aggressive chemi-
cal control of competing hardwoods.

e Shortleaf pine forests can be managed with a variety
of even-aged or uneven-aged methods, but successful
regeneration under single-tree selection typically
requires chemical and/or mechanical control of
competing vegetation. Natural regeneration also
depends upon the co-occurrence of good seed crops,
suitable seedbeds, and sufficient light.

e C(learcutting declined on national forests from 27,729
ac in 1988 to 698 ac in 1996, a 97.5 percent decline.
This decline in clearcutting was the single most
significant silvicultural trend on national forests in the
Assessment area.

Xii

e Reproduction cutting on the national forests using the
seed tree method averaged 2,382 ac/year (8.6 percent
of the 1988 clearcutting level) from 1991 through
1996. During the same period, the area harvested
using the shelterwood method averaged 3,157 ac/year
(11.4 percent of the 1988 clearcutting level).

e The largest increase of a silvicultural method on the
national forests was in the use of the single-tree
selection. This increase was due more to single-tree
selection being the exact opposite of clearcutting
rather than to any particular advantages for either pine
or oak-hickory silviculture. Together, the Ozark and
Ouachita National Forests applied single-tree selection
on an average of 8,916 ac annually from 1991 through
1995.

e Herbicide application for site preparation declined on
the national forests from 12,705 ac in 1988 to 2,132 ac
in 1997, an 83 percent decline over the 10-year period.
Conversely, acres burned in site preparation on the
Ouachita National Forest increased from 536 ac in
1989 to 3,137 ac in 1997. Each year, more acres have
been burned than in the previous year. This trend
suggests that the limits to using prescribed fire for site
preparation have not yet been reached.

e The use of prescribed burning as a tool for managing
intermediate stands has increased nearly four-fold
over the past 5 years and exceeded 100,000 ac in 1997
(due primarily to actions on the Ouachita National
Forest). The Ouachita National Forest has increased
the use of prescribed burning to restore shortleaf pine-
bluestem grass communities over extensive areas of
the western Ouachitas, to sustain wildlife habitat
diversity, and to encourage natural regeneration.

Chapter 5: Plant and Animal Populations

What are the current and likely future trends for
populations and/or habitats for: (1) federally listed
threatened and endangered species; (2) other
terrestrial and amphibious species with viability
concerns; (3) species that are hunted; (4) neo-
tropical migratory birds; and (5) animals that live
in caves?

e Of'the 333 plants and animals with viability concerns
in the Ozark-Ouachita Highlands, 35 are imperiled



(having 20 or fewer known populations) or critically
imperiled (5 or fewer known populations).

e More than half (53 percent) of the species with
viability concerns in the Ozark-Ouachita Highlands are
known to occur there only on national forest lands;
about one-third of these species are known to occur
there only on private lands.

e Sixteen species in the Ozark-Ouachita Highlands are
federally listed as threatened or endangered.

e Available data for game species in the Highlands show
that most populations have increased or remained
stable since 1970.

e North American Breeding Bird Survey data revealed
21 of 90 species in the Ozark-Ouachita Highlands
have declined significantly from 1966 to 1996. Six
species showed a significant increase during the same
period.

Chapter 6: Biological Threats to
Forest Resources

What are the current and predicted trends for
insect and disease infestations and outbreaks in
the Assessment area?

¢ The European gypsy moth, a defoliator of hardwood
trees, has been found in the Assessment area. The
outbreaks have been minor, and eradication has been
successful. Scientists expect that a general infestation
might reach the Assessment area between 2025 and
2050.

Red imported fire ants are invading the Assessment
area from the south and are expected to continue a
gradual northward expansion. Eradication is probably
impossible. An integrated pest management program is
the best approach to this problem.

The southern pine beetle is indigenous to the southern
part of the Assessment area. Serious outbreaks will
continue to occur in the Ouachita Mountains Section.
These outbreaks are cyclic and related to stand age
and density of pine trees in a stand.

Knapweeds, invasive nonnative plants, have been
present for several decades on some roadsides in
southern Missouri. There are health concerns for
humans and livestock related to this plant. Precautions
should be taken to minimize direct contact with this
plant.

Purple loosestrife, a serious pest in wetlands, is
present in the Ozark-Ouachita Highlands and may
spread.

Xiii



Figure 1.1—Ecological sections and subsections of the Ozark-Ouachita Highlands Assessment area (sections and subsections modified from Keys

and others 1995).
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[ Ozark Highlands
I Boston Mountains
[ Arkansas Valley
B Ouachita Mountains

Missouri

Section name Map code Subsection name Subsection number
Ozark Highlands 1 St.Francois Knobs and Basins 222Aa
Ozark Highlands 2 Central Plateau 222Ab
Ozark Highlands 3 Osage River Hills 222Ac
Ozark Highlands 4 Gasconade River Hills 222Ad
Ozark Highlands 5 M eramac River Hills 222Ae
Ozark Highlands 6 Current River Hills 222Af
Ozark Highlands 7 White River Hills 222Aq
Ozark Highlands 8 Elk River Hills 222Ah
Ozark Highlands 9 Black River Ozark Border 222A1
Ozark Highlands 10 Springfield Plain 222Am
Ozark Highlands 11 Springfield Plateau 222An
Boston Mountains 12 Upper Boston Mountains M222Aa
Boston Mountains 13 Lower Boston Mountains M222Ab
Arkansas Valley 14 Eastern Arkansas Valley 231Ga
Arkansas Valley 15 Western Arkansas Valley Mountains 231Gb
Arkansas Valley 16 Western Arkansas Valley 231Gc
QOuachita Mountains 17 Fourche Mountains M231Aa
Quachita M ountains 18 Western Ouachita M ountains M231Ab
Ouachita Mountains 19 Central Ouachita Mountains M231Ac
Quachita Mountains 20 Athens Piedmont Plateau M231Ad




Chapter 1: Ecological Units of the Highlands

This report is one of a five developed for the Ozark-
Ouachita Highlands Assessment. The team that produced
this report was comprised of scientists from a variety of
disciplines—wildlife biologists, foresters, ecologists,
pathologists, and entomologists. They had in common an
interest in the terrestrial vegetation and animal species of
the Highlands and a willingness to examine the status of
these “terrestrial resources.”

Questions about the terrestrial animals, plants, and
biological communities of the Highlands were developed
at a series of Terrestrial Team meetings in the summer of
1997. No new information was collected in the field to
address these questions. Instead, existing data from
various agencies and individuals were gathered and
analyzed. Two concerns emerged powerfully as sources
of information were identified: while an overwhelming
amount of information exists for the Highlands, many
species have not been studied and the information that is
available from various sources is often in different
formats, covers different time periods, and/or covers
different geographic areas.

One early and continuing challenge was how best to
organize and present the information. The Terrestrial
Team decided to use the ecologically defined units
presented in this chapter to provide a consistent frame-
work throughout the report. Chapter 2 presents an
overview of prehistoric and more recent change in the
Highlands. Current vegetation cover is examined in some
detail in Chapter 3, and silvicultural practices receive in-
depth treatment in Chapter 4. Chapter 5 examines many
plant and wildlife species of special concern, and Chapter
6 covers current and future biological threats to forest
resources.

Question 1.1: What are the ecological
boundaries and subsections of the Highlands?

Key Findings

1. The map of sections and subsections of the Ozark-
Ouachita Highlands (Keys and others 1995) was
revised to better meet the needs of the Assessment.
Changes were largely limited to the Arkansas and
Oklahoma portions of the Assessment area.

2. The modified map of sections and subsections of the
Highlands of Arkansas and Oklahoma is the first
such delineation for Oklahoma and provides signifi-
cant advancements over earlier maps for Arkansas
by Croneis (1930) and Foti (1974).

The Ozark-Ouachita Highlands
Assessment Area

This report contains data and key findings in the
context of an ecologically defined area—the Ozark-
Ouachita Highlands (fig. 1.1). Although the term “Interior
Highlands” is familiar to geographers and biologists, it is
not commonly recognized in other circles. Most people
are more familiar with “the Ozarks™ and “the Ouachita
Mountains” than they are with the older geographic name
for the two areas. Thus, the Assessment team leaders
chose to use a term likely to be more widely recog-
nized—the Ozark-Ouachita Highlands.

The Ozark-Ouachita Highlands is an appropriate area
to assess because it has relatively consistent ecological
characteristics and is distinctively different from sur-
rounding landscapes. Consisting mostly of hilly to moun-
tainous topography over substrates of Paleozoic age, the
Highlands have long been recognized as a distinct
physiographic and natural region (Fenneman 1938, Braun
1950). Upland hardwood and upland pine-hardwood
forests characterize much of the area. Lower-lying plains
with more recent geological substrates also occur in
portions of the Highlands, including much of the Arkansas
Valley section. The vegetation of these plains ranges
from tallgrass prairie to lowland pine-hardwood and
bottomland hardwood forests.



Even though the Ozark-Ouachita Highlands have
some consistent general characteristics, there are also
striking differences within it. Therefore, most descrip-
tions and studies divide the region into smaller, more
uniform areas. Authors have generally recognized at
least two provinces, the Ozark Mountains and the
Ouachita Mountains (Fenneman 1938, Thornbury 1965,
Braun 1950, Croneis 1930, Foti 1974). Sometimes, the
Arkansas Valley has been considered a separate
province or natural division (Foti 1976, Pell 1983,
Omernik 1987). While most authors treated the Boston
Mountains as a subdivision of the Ozark Mountains,
Omernik (1987) recognized it as a separate ecoregion
(natural division). These provinces, natural divisions, or
sections are often subdivided as well.

Data Sources

To facilitate agency ecosystem management efforts,
the USDA Forest Service developed a new
regionalization framework for the Eastern United States
(Keys and others 1995, henceforth referred to as “Keys
and others” or the “Keys map”) based on a national
map of ecoregions of the United States by Bailey and
others (1994). The new framework is hierarchical (like
older efforts) but is based on a more holistic consider-
ation of landscape properties than some earlier maps,
with climate and soil playing prominent roles along with
physiography. The new framework is also designed to
rationally subdivide landscapes in ways meaningful to
ecosystem management. The older and newer maps
coincide most closely at the level of section (Keys and
others), province (Fenneman 1938), and natural division
(Foti 1974). Although differences occur at this level
they are usually in the form of one unit in one system
equating to two units in another system. The new
framework is often more detailed at lower levels in the
hierarchy than older maps.

The Terrestrial Team examined the Keys and others
(1995) framework to determine whether the ecological
units and their boundaries were adequate for Assess-
ment purposes. Important considerations were that the
sections and subsections and their boundaries be
ecologically meaningful and consistent across State
lines. Examination of the Keys map and comparison

with other regional maps and geological and topographi-
cal base maps revealed that sections and subsections
and their boundaries were not consistently meaningful
and accurate across the Assessment area. The Missouri
units and their boundaries have been settled for years;
therefore, the Keys map simply adopted those bound-
aries, and changes needed for the Assessment were
very minor.

In contrast, the Arkansas units and boundaries
needed considerable revision because: (1) the Keys and
others (1995) approach departs substantially and without
convincing rationale from long-standing delineations
(Croneis 1930, Foti 1974) and (2) locally created maps
were not available. The Keys map is also problematic in
Oklahoma, because in that State only general regions
have been defined (OK BTF 1996), boundaries are not
detailed, and subdivisions are not mapped. Furthermore,
the Keys map appears to be derived from low-detail
base maps, and its boundaries were judged to be too
general for this Assessment. The Keys map and
supporting materials do not explicitly define the source
or rationale for boundaries; therefore, revision of the
map sometimes required a determination of the defining
physical feature and use of an appropriate base map.

Although production of the new map (fig. 1.1)
involved many changes to the Keys and others (1995)
map, few changes were made in the list of sections and
subsections. (A map illustrating the changes the team
made to subsection boundaries is available on the Web
site for the Assessment, <http://www.fs.fed.us.oonf>.)
The emphasis was on employing clearly-stated bound-
ary definitions that in most cases were first articulated
by Croneis (1930), and then using appropriate digital
base maps to create an accurate final product. Many
changes were made to the Croneis (1930) and Foti
(1974) maps, however, primarily by adding detail to the
older maps. (See, for examples, the White River Hills
and Central Plateau subsections [which are nested
within the Salem Plateau of Croneis 1930], the Upper
and Lower Boston Mountains subsections [nested
within the Boston Mountain subdivision of Foti 1974], or
the three new subsections within the Arkansas Valley.)

Croneis (1930) and Foti (1974) presented rationales
for many regional boundaries in Arkansas and Okla-
homa, most of which were adopted for this revision. All
boundaries are based on either geology or topography,



although soils maps were used for comparison in some
cases. The geologic base map was the 1:2,500,000-scale
geology of the conterminous United States (Schruben
and others 1994). The topographic base map was
created for this project from 30-meter (m) USGS digital
elevation model files by the Spatial Analysis Laboratory
of the School of Forest Resources, University of
Arkansas at Monticello.

Ecological Units

The following discussion describes the ecological
units used in the Ozark-Ouachita Highlands area and
the factors on which the boundaries were based along
with changes from the Keys map. Alphanumeric codes
used here are the same as those used in the Keys map.

The modified map of sections and subsections of
the Highlands of Arkansas and Oklahoma (fig. 1.1) is
the first such delineation for Oklahoma and provides
four significant advancements over earlier maps for
Arkansas by Croneis (1930) and Foti (1974):

e Boundaries are defined and mapped consistently
across the three States sharing the Highlands;

e Boundaries based on topography are much more
accurate than previous maps due to the use of 30-m
digital elevation models;

e Changes in section and subsection definitions that
have occurred since production of the earlier maps
are incorporated; and

e The map produced by this team is in digital form and
freely available on the Assessment Web site.

Ozark Highlands Section (222A)

Six subsections in Missouri and Illinois were not
included in the Assessment area: 222Ai (Prairie Ozark
Border); 222Aj (Inner Ozark Border); 222 Ak (Outer
Ozark Border); 222 Ao (Mississippi River Alluvial
Plain); 222 Ap (Missouri River Alluvial Plain); and
222Aq (Illinois Ozarks). These were excluded because
they are on the periphery of the region, are not included
in some data sets used for the Assessment, and would
have complicated the analysis by extending it to an
additional State. Following are the subsections that were
included in the Assessment area and brief descriptions
of each.

222Aa—The St. Francis Knobs and Basins, which
cover 1,108,009 acres (ac), occur only in Missouri.
They consist of steep hills (but not an eroded plateau
like the other Ozark subsections) that are 400 to 1,700
feet (ft) in elevation and underlain by Cambrian and
Precambrian igneous and sedimentary rocks. The
subsection is covered with acid glades, oak woodlands,
and dry-mesic oak forests. No changes were made in
the Keys map boundaries.

222Ab—The Central Plateau subsection occurs in
Missouri (5,006,390 ac) and Arkansas (1,335,220 ac)
and consists of irregular plains 300 to 1,600 ft in eleva-
tion with karst features on Ordovician cherty dolomite,
sandstone, and cherty clay residuum covered with
prairies, oak woodlands, and dry-mesic oak forests. The
Keys map boundary with the White River Hills subsec-
tion was altered to follow the break in topography
between these subsections.

222Ac—The Osage River Hills (1,550,855 ac) occur
only in Missouri, where they consist of hills with en-
trenched valleys 600 to 1,100 ft in elevation that were
formed by streams downcutting to the Osage River.
Underlain by Ordovician cherty dolomite, sandstone, and
cherty clay residuum, this subsection is covered with
pine-oak and oak woodlands and forests. No changes
were made in the Keys map boundaries.

222 Ad—The Gasconade River Hills subsection
(1,098,006 ac) occurs only in Missouri. Similar to the
Osage River Hills, this subsection consists of hills with
entrenched valleys and karst features and was formed
by streams downcutting to the Gasconade River. Under-
lain by Ordovician cherty dolomite, sandstone, and
cherty clay residuum, the Gasconade River Hills range
from 600 to 1,100 ft in elevation and are covered with
pine-oak and oak woodlands and forests. No changes
were made in the Keys map boundaries.

222Ae—The Meramac River Hills (1,136,219 ac)
occur only in Missouri. (The correct spelling of the river
for which this subsection is named is “Meramec,” but
the team left the Keys and others [1995] name un-
changed.) This subsection consists of hills with en-
trenched valleys formed by streams downcutting to the
Meramec River. Underlain by Cambrian and Ordovician
cherty dolomite and cherty clay residuum and ranging
from 500 to 1,300 ft in elevation, this subsection is
covered with pine-oak and oak woodlands and forests.
No changes were made in the Keys map boundaries.



222 Af—The Current River Hills (1,563,186 ac)
occur in Missouri and consist of entrenched valleys with
karst features formed by streams downcutting to the
Current River. Underlain by Cambrian and Ordovician
cherty dolomite and sandstone with cherty clay re-
siduum and ranging from 400 to 1,300 ft in elevation, the
Current River Hills are covered with pine-oak and oak
woodlands and forests. No changes were made in the
Keys map boundaries.

222 Ag—The White River Hills subsection occurs in
Missouri (2,155,950 ac) and Arkansas (1,577,221 ac)
and consists of hills with entrenched valleys and karst
features. It was formed by streams downcutting to the
White River. Underlain by Ordovician cherty dolomite
with cherty clay residuum and ranging from 600 to 1,600
ft in elevation, this subsection is covered with alkaline
glades and oak woodlands and forests. Changes were
made in the Arkansas portion of the Keys map bound-
aries to better follow the break in topography from the
surrounding plains.

222 Ah—The Elk River Hills occur in Missouri
(356,326 ac), Arkansas (57,433 ac), and Oklahoma
(32,334 ac) and consist of hills with entrenched valleys
and karst features. Formed by streams downcutting to
the Neosho River, the subsection is underlain by Missis-
sippian cherty limestone with cherty clay residuum,
ranges from 900 to 1,400 ft in elevation, and is covered
with oak woodlands and forests. Changes were made in
the Arkansas portion of the Keys map boundaries to
better follow the break in topography from the surround-
ing subsections.

222 Al—The Black River Ozark Border (859,059 ac)
occurs only in Missouri. It consists of irregular plains
and low hills with karst features. Underlain by
Ordovician sandstone and cherty dolomite with cherty
clay residuum, this subsection ranges from 300 to 900 ft
in elevation and is covered with pine-oak and oak
woodlands and forests and oak-sweetgum forests. The
Keys map boundaries were modified to eliminate this
subsection from Arkansas.

222 Am—The Springfield Plain lies in Missouri
(3,136,051 ac) and Oklahoma (161,881 ac) and is a
smooth plain with karst features underlain by
Mississippian limestone (sometimes very cherty) and
cherty clay residuum. Ranging from 800 to 1,700 ft in
elevation, this subsection is covered with prairie and oak

woodlands and forest. No changes were made in the
Keys map boundaries.

222 An—The Springfield Plateau subsection occurs
in Oklahoma (1,486,718 ac), Arkansas (1,579,841 ac),
and Missouri (56,326 ac) and consists of smooth to
irregular plains 800 to 1,400 ft in elevation with karst
features. Underlain by Mississippian limestone (some-
times very cherty) and cherty clay residuum, this
subsection is covered with prairie and oak woodlands
and forest, alkaline, and acid glades. Detail changes
were made in the Keys map boundaries to better follow
the break in topography to the Elk River Hills and to
more closely follow the boundaries with older and
younger geological substrates throughout the rest of the
subsection perimeter.

Boston Mountains Section (M222A)

In earlier maps, with the exception of Omernik
(1987), this section was treated as a subsection or
equivalent.

M222Aa—The Upper Boston Mountains (1,106,642
ac) occur only in Arkansas. They consist of low moun-
tains 1,000 to 2,700 ft in elevation underlain by
Pennsylvanian sandstone and shale with sandy residuum
and loamy colluvium. This subsection is covered with
oak woodlands and forests. Detail changes were made
in the Keys map boundaries to better follow the geologic
boundary with the Springfield Plateau and to better
follow the corresponding land type association bound-
aries developed by the Ozark-St. Francis National
Forests elsewhere along the perimeter of the subsec-
tion. This subsection was defined on the basis of
elevation (approximating the 1,800-ft elevation contour),
which corresponds to areas of lower temperature and
higher rainfall and consequent changes in plant commu-
nity composition. The Keys map name for this subsec-
tion (Boston Mountains) and the following subsection
(Boston Hills) were changed to reflect that both are
parts of the vernacular and physiographic Boston
Mountains.

M222Ab—The Lower Boston Mountains subsection
occurs in Oklahoma (834,553 ac) and Arkansas
(2,471,699 ac) and consists of high hills 500 to 1,800 ft in
elevation underlain by Pennsylvanian sandstone and
shale with sandy residuum and loamy colluvium. The



Lower Boston Mountains are covered with pine-oak
and oak woodlands and forests. Detail changes were
made to the Keys map boundaries to better follow the
corresponding landtype association boundaries devel-
oped by the Ozark-St. Francis National Forests for the
Upper Boston Mountains and to better follow the
boundary with younger and older geologic substrates
elsewhere along the northern, eastern, and western
perimeter of the subsection and the topographically
defined southern boundary (the escarpment to the
Arkansas Valley section [Croneis 1930, Foti 1974]). The
Keys map name for this subsection (Boston Hills) was
changed as explained in the description of the Upper
Boston Mountains.

Arkansas Valley Section (231G)

231Ga—The Eastern Arkansas Valley (1,490,182 ac)
lies entirely in Arkansas, where it consists of plains with
hills 300 to 500 ft in elevation. Underlain by Pennsylva-
nian sandstone and shale with sandy residuum, this
subsection is covered with pine-oak and pine woodlands
and forests. Northern and eastern boundaries were
modified in detail to better match topographic and
geologic boundaries, respectively. The southern bound-
ary was redefined to match the traditional physiographic
boundary, Cadron Ridge (Croneis 1930, Foti 1974). The
southwestern boundary was redefined to place all
Arkansas River bottomlands within the Western
Arkansas Valley subsection; topographic and geologic
boundaries also contributed to the modified subsection
boundary. The Keys map name was changed to elimi-
nate “and Ridges” since the redefined southern bound-
ary eliminated the most prominent structural ridges from
the subsection (one of the reasons for redefining that
boundary).

231Gb—The Western Arkansas Valley Mountains
occurs in Oklahoma (494,643 ac) and Arkansas
(433,498 ac). It consists of low mountains and ridges
and some wide valleys as well. Ranging from 750 to
2,800 ft in elevation, the Western Arkansas Valley
Mountains are underlain by Pennsylvanian sandstone
and shale with sandy residuum and covered with pine-
oak and oak woodlands and forests and prairies. The
eastern, northern, and western boundaries as delineated
on the Keys map were modified somewhat to better

include the mountains and exclude the plains that were
continuations of those in the Western Arkansas Valley.
The southern boundary was changed to follow the
northern boundary of the physiographic Ouachita
Mountains (Croneis 1930, Foti 1974). The Keys map
name (Mount Magazine) was changed to reflect the
importance of other mountains within this subsection.
231Gc—The Western Arkansas Valley subsection
includes portions of Oklahoma (829,099 ac) and
Arkansas (1,354,977 ac) and consists of plains, low hills,
and ridges 300 to 1,000 ft in elevation underlain by
Pennsylvanian sandstone and shale with sandy and
clayey residuum along with Holocene sandy alluvium.
This subsection is covered with pine-oak and oak
woodlands and forests, substantial bottomland forests,
and prairies. One major low mountain, Petit Jean
Mountain, was included within this section because it
was disjunct from the Western Arkansas Valley Moun-
tains, in which it would otherwise have been included.
The northern, eastern, and southern boundaries of the
Keys map were refined based on topography and
geology to place all of the Arkansas River alluvial plains,
the most extensive alluvial plains of its major tributaries,
and almost all of the Pennsylvanian eroded plains within
this subsection. A substantial area that extended up the
Canadian River at the western end of this subsection on
the Keys map was eliminated on the basis of geology,
topography, and the definition of the Arkansas Valley as
lying between the Ouachita Mountains and the uplifted
plateaus of the Ozark Mountains (Croneis 1930).

Ouachita Mountains Section (M231A)

M231Aa—The Fourche Mountains occur in
Oklahoma (743,093 ac) and Arkansas (2,148,080 ac)
where they form open, low to relatively high mountain
ridges, often with wide valleys. Elevations range from
750 to over 2,600 ft, among the highest in the Assess-
ment area. Ridges are underlain by Pennsylvanian and
Mississippian sandstone and shale valleys by sandy
residuum. Slopes and ridges are covered with pine-oak
and oak woodlands and forests. The northern boundary
was modified from Keys to coincide with the physi-
ographic boundary based on topography (Croneis 1930,
Foti 1974). The southern boundary was modified to
match the boundary with Mississippian Arkansas



Novaculite and toward the west to follow the long
narrow ridges and include the Pennsylvanian Jackfork
Sandstone.

M231Ab—The Western Ouachita Mountains sub-
section occurs in Oklahoma (1,623,109 ac) and
Arkansas (109,249 ac) and consists of open high hills
and low mountains, often with wide valleys, with
elevations ranging from 750 to 2,500 ft. The subsection
is underlain by Mississippian sandstone and shale with
clayey colluvium, covered with pine-oak and oak
woodlands and forests, along with prairies. The Keys
map boundaries were modified using geology (Arkansas
Novaculite) to eliminate portions of the Central
Ouachita Mountains from this subsection. The word
“Central” was eliminated from the Keys map name
(West Central Ouachita Mountains) because a substan-
tial part of the subsection lies along the southern bound-
ary of the Ouachita Mountains section.

M231Ac—The Central Ouachita Mountains occur in
Oklahoma (244,015 ac) and Arkansas (1,401,574 ac).

They consist of open high hills and low mountains, often
with wide valleys, and they range from 750 to 2,500 ft in
elevation. The Central Ouachita Mountains are underlain
by Mississippian sandstone and shale with clayey collu-
vium and covered with pine-oak and oak woodlands and
forests. The Keys map boundaries were modified using
geology (Arkansas Novaculite); a large disjunct area with
consistent characteristics is newly delineated in south-
eastern Oklahoma. The Keys map name was changed
by dropping “East” as it was no longer needed (because
of the name change to Western Ouachita Mountains).

M231Ad—The Athens Piedmont Plateau occurs in
Oklahoma (56,546 ac) and Arkansas (837,602 ac). It
consists of open high hills underlain by Mississippian
(with small amounts of Pennsylvanian) sandstone and
shale with sandy and clay-loam colluvium covered with
pine-oak and pine woodlands and forests. The Keys
map boundary was refined using geology (Arkansas
Novaculite) for north and west boundaries and Tertiary
and Cretaceous deposits on the south and east.



Chapter 2: Prehistoric and Historic Ecological Changes

Question 2.1: What were the historic and

prehistoric ecological conditions in the
Ozark-QOuachita Highlands?

Change occurs constantly in the Ozark-Ouachita
Highlands, as it does in all ecosystems. Since the last
glacial period, 20,000 years ago, when continental glaciers
approached the Highlands, climate, natural communities,
and species have been in constant flux. Even now, natural
occurrences such as droughts, floods, and tornadoes
cause dramatic changes in the landscape and in relation-
ships among species. Such events are not only natural,
they are vital to the way ecosystems function.

Human activities also cause changes. Some activities
may only alter patterns of “natural change” including, for
example, prevention and suppression of fire, some forms
of timber management, and controlled hunting and fishing.
Such activities may affect biodiversity—the variety of
species interacting within an ecosystem. They may also
alter the structure or dynamic processes of an ecosys-
tem. Where natural processes are significantly altered,
ecosystems can be stressed and vulnerable to further
damage.

Some activities, such as conversion of forest land for
agriculture, mineral extraction, plantation-based timber
production, or urban development, can cause large-scale
changes that reduce and/or fragment wildlife habitat for
some species, which, if sufficiently severe, can mean
their extinction. Such changes may completely supplant
long-standing ecological relationships and cause revolu-
tionary, rather than evolutionary effects. Contamination of
groundwater, introduction of nonnative species, and
overhunting of game are other human actions that
fundamentally change ecosystems.

The interaction of different change factors, or what
ecologists often call “disturbance factors,” has conse-
quences, as well. For example, floods in heavily managed
or developed watersheds may be more destructive than in
less altered watersheds. Even activities outside the local
ecosystem may cause effects within it, such as altered
climate or acid rain.

An understanding of earlier conditions helps research
scientists and managers evaluate the ecological potentials
of various landscapes or sites and identify opportunities
for appropriate management actions. If shortleaf pine
production or pine woodland restoration is an objective, it
is useful to know the prehistoric range of this species and
what kept it from dominating in other areas. In developing
landscape management plans, it is important to know
what percentage of the landscape was typically in a
regenerating condition at any point in time, how regenera-
tion took place, how much was woodland or prairie, how
much was “old growth,” and the dynamic equilibrium that
existed among these various states which, together,
sustained the biota.

Knowledge of historic vegetation and patterns of
change aids in the identification of current old-growth
areas and selection of appropriate management tech-
niques for them. It also provides a useful baseline for
evaluating the effects of management on natural systems.
Differences between structure and function of existing
and historic forests and between effects of management
techniques and natural disturbance processes may be
estimated using information about past vegetation.

Key Findings

1. American Indians influenced vegetation patterns
through their use of fire.

2. European settlers began making dramatic changes to
the land commencing in the 1830’s through land
clearing and the suppression of fire; settlers also had
an impact on animals by reducing certain habitats
and by overhunting.

3. Because people have been a constant influence on
plant communities and ecosystems of the Highlands
for thousands of years, ideas of “natural” (i.e., not
human-influenced) conditions need to be reviewed
carefully, even challenged.



Data Sources

Clues to the composition and structure of the High-
lands in history and prehistory are provided by historical
descriptions, evidence in old-growth forests and natural
areas, tree rings and pollen evidence, and field notes of
General Land Office (GLO) surveyors of the 19"
century.

Travel accounts and other historic descriptions are
important sources of information on past conditions.
Dunbar and Hunter led an expedition, commissioned by
Thomas Jefferson, to the hot springs of the Ouachita
Mountains in 1804 and 1805 (Rowland 1930). Edwin
James (1823), botanist for the Stephen Long expedition
to the Rocky Mountains in 1819-1820, described the
Ouachita Mountains and Arkansas Valley. Thomas
Nuttall (1821) provided a very detailed description of the
Arkansas Valley and the western portions of the
Ouachita Mountains. Henry Rowe Schoolcraft’s (1821)
account of his 1818 and 1819 travels through the Ozarks
is the most widely cited description of that region.
Gersticker (1881) provided descriptions of the
Ouachitas and Ozarks of the late 1830’s, at approxi-
mately the time of the GLO surveys. Ladd (1991)
provided a comprehensive survey of historic references
to vegetation and fire in Missouri, including the Missouri
Ozarks.

GLO surveys of parts of the Assessment area are
important sources. Foti and Glenn (1991) used notes
from the original 1830’s Federal land survey to analyze
vegetation at three locations in the Assessment area: a
site east of Waldron, AR, at the southern edge of the
Arkansas Valley Mountains subsection, known as Bee
Mountain; a site south of Waldron, in the Fourche
Mountains, that currently supports a red-cockaded
woodpecker population; and a north-to-south transect
crossing the Fourche Mountains, Western Ouachita
Mountains, and Athens Piedmont Plateau subsections
near the Arkansas-Oklahoma State line, covering more
of the range of sites of the region.

In addition, Kreiter (1995) analyzed historic vegeta-
tion of the McCurtain County Wilderness Area, an old-
growth forest that has not been subject to timber
harvest in the Central Ouachita Mountains subsection of

eastern Oklahoma. He used GLO Survey notes from
1896 and compared them to a new survey of vegetation
at the same points. Lockhart and others (1995) and
Harmon and others (1996) used GLO and modern data
to characterize the vegetation of the Lee Creek Unit of
the Ozark-St. Francis National Forests. Nelson (1997)
analyzed witness trees and narrative notes along the 5%
Principal Meridian through Arkansas and Missouri,
comparing statistics of the Ozark Plateau (principally in
Missouri), the Mississippi Alluvial Plain (in Arkansas),
and the Dissected Till Plain (in Missouri). Schroeder
(1982) used GLO notes and maps to map the presettle-
ment distribution of prairies in Missouri. Finally, Fletcher
and McDermott (1957) used historic sources to map the
presettlement range of shortleaf pine in the Ozark
Highlands.

All historic sources must be used with caution, since
many writers are not scientists and their descriptions are
not often subject to independent verification. However,
all of the travel writers listed above except Gerstacker
were scientists. In several instances their travel routes
have been followed and key findings verified. Of these,
Schoolcraft may be the most controversial, since he was
cited by both sides in a rancorous dispute over vegeta-
tion of the Ozarks (Beilman and Brenner 1951,
Steyermark 1959), where Beilman and Brenner argued
for rapid change in vegetation in the Highlands whereas
Steyermark argued for stability. However, when read as
a whole, the Terrestrial Team considers his account a
reliable historic source. The GLO surveys have been
widely used and widely criticized, since they represent
the only comprehensive, quantitative data on vegetation
of the early to mid-1800’s, and yet were not collected
for scientific purposes by scientists. Their validity should
be assessed on a township-by-township basis before
placing reliance on them.

Grazing data reflects the Forest Service’s Grazing
Statistical Summary and the Natural Resource Conser-
vation Service’s National Resource Inventory, as well as
published reports. Data concerning the volume of
grazing on national forest lands are reported in Animal
Unit Months while, for other lands, the data consist of
acreage devoted to grazing.



Patterns and Trends

Major Changes in Vegetation

As recently as 20,000 years ago, continental glaciers
advanced near the Highlands (to central Illinois).
Although glaciers have never encroached on the
Highlands proper, climatic effects during glacial periods
totally changed the region’s ecosystems. Cool, damp,
glacial-front climate led to dominance of boreal spruce,
fir, and jack pine forests throughout the region for about
6,000 years after the latest glacial maximum.

Oak, ash, elm, and other deciduous trees became
dominant around 14,000 years ago and prairies became
established in eastern Oklahoma about 2,000 years later
(Delcourt and Delcourt 1991). The oak-hickory wood-
lands and forests characteristic of the region today may
have persisted in sheltered coves throughout the glacial
interval and subsequently increased in abundance or
retreated elsewhere and returned. Presence of numer-
ous endemic species in the Highlands flora and fauna
argues for at least some continuity of the biota even
during these periods of dramatic change (Hawker n.d.).

Some 10,000 years ago, at the same time that
humans arrived in the Highlands, the climate became
warmer and drier for a period of several thousand
years, allowing expansion of prairies, oak savannas, and
oak-hickory forests or woodlands (Delcourt and
Delcourt 1991). As prairies and savannas spread over
the region, mesic (moist soil) oak-hickory forest commu-
nities again retreated to sheltered coves and moister
sites or migrated away from the region.

Only in the past several thousand years has climate
in the region changed enough to support an upland
hardwood forest, and only during this latest interval (the
past 4,000 years) has pine forest become dominant in
parts of the region (Delcourt and Delcourt 1991). Over
this interval, a prairie-dominated landscape changed to a
forest-dominated landscape with inclusions of prairie
(Albert and Wyckoff 1981). Even during the last 550
years there have been at least three dry intervals severe
enough to reduce pine dominance in the Ouachitas
(Albert and Wyckoff 1981).

American Indians played a part in shaping these
changes in vegetation. At least in portions of the
Highlands, Indian populations may have peaked in the
16" century at the time of De Soto’s incursion, after

which smallpox and other factors reduced their num-
bers. Prior to that time, productive areas were settled
and agriculture was practiced. Even small populations
could have had major effects on the landscape through
their use of fire.

European settlers began making major changes in the
region’s landscapes by the 1830’s, both through clearing
of land and changes in natural processes such as fire
regimes. This trend reached a peak from the late 18" to
early 19" centuries, when railroads carried away much
of the standing timber and brought farmers and even
tourists, causing massive and irreversible changes in the
landscapes of the Highlands. Forests became shrubby
second growth or cotton fields that were abandoned and
only after decades became forests again. Fires often
increased in intensity and frequency as the slash dried
and burned and then decreased as areas became more
settled. Open woodlands, savannas, and prairies became
forests or shrubby thickets.

Changes in Wildlife and Plant Populations

Expanding settlements caused long-term changes in
the populations of game species. Deer populations in the
Highlands have fluctuated greatly, from abundance in the
early 1800’s to near extirpation in the early 1900’s. Deer
recovery began in the 1930’s (but only reached substan-
tial proportions decades later) with closed seasons, strict
law enforcement, and restocking (Halls 1984). Refuges
on national forest lands also supported the recovery of
deer populations in the Assessment area.

Early reports of eastern wild turkeys in the Highlands
suggest densities of 5 to 10 birds per square mile. By
the early 1900’s, the bird’s population was drastically
lower over most of the region (Lewis 1992), due to
overharvesting. By the 1940’s, only isolated populations
remained. Habitat for wild turkeys began to improve on
public lands after initiation of fire and timber manage-
ment programs and the closing of “open range”—areas
where anyone’s stock was allowed to graze.

The black bear was a common resident of the
Highlands during the 1800’s but was rare by 1850
because of overhunting (McKinley 1962). During the
period from 1890 to 1920, much of the Highlands’ forest
was systematically logged and cleared, eliminating the
black bear population from the region (Clark 1988). The
Arkansas Game and Fish Commission successfully



re-established black bears in the Ozark-Ouachita
Highlands of Arkansas between 1959 and 1967
(Rodgers 1973, Pharris 1981). Since then, populations
have grown and expanded, increasing the sightings of
bears in adjacent areas of Oklahoma and Missouri.

At times, the Highlands have had large populations of
gray and fox squirrels. During the 19" century, indi-
vidual hunters could easily kill more than 100 squirrels a
day. The “big squirrel kills” were a thing of the past by
1934, due to habitat reductions.

Clearing of forests supported expanding populations
of bobwhite quail, with the bird’s numbers peaking
immediately after areas were cleared for agriculture,
then abandoned. But populations declined by the 1920’s
as land use became more intensive. Populations stabi-
lized by the 1940’s, albeit at lower levels than histori-
cally, to provide consistent bird crops, but fluctuated
again in the 1960’s (Stanford 1970).

Similarly, clearing of forests led to expanding popula-
tions of eastern cottontail rabbits, which inhabit prairies,
glades, and open woods with grassy understories. The
rabbit reached a population peak during the pioneer
agricultural period (Anderson 1940). “Ozark” rabbits
were said to command a premium price because of their
size and grading. During the early 1900’s, Springfield,
MO, was the largest reshipping center in the region, with
an annual output of 2 million rabbits (Leopold 1931).

Raccoon populations have increased in the past 50
years. A population explosion began with the 1943
breeding season, and the species has remained at high
levels since (Sanderson 1987). It is estimated today
there are 15 to 20 times as many raccoons in North
America as there were during the 1930’s. (See Chapter
5 for recent trends for game species.)

At least 25 species of terrestrial plants, vertebrates,
and invertebrates existing historically in the Ozark-
Ouachita Highlands are extirpated. (An extirpated
species, as used here, is one eliminated as a wild
species from all or part of its historical range.) Mammal
and bird species congregating in large numbers, includ-
ing bison and Carolina parakeets, or which people
considered destructive predators, such as golden eagles
and mountain lions, are gone from the Highlands
landscape (although the occasional reintroduced bison
can be spotted in a few pastures).

Major factors contributing to the extirpation of these
species in the Ozark-Ouachita Highlands included loss
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of habitat and overhunting. Plant species at the edges of

their ranges and parts of rare communities also have

been vulnerable to loss of habitat and to extirpation (see

“Rare Communities” in Chapter 3). The following
species have been extirpated in the Assessment area
(and, in some cases, throughout their range):

Species

Major factor in
extirpation

American swallow-tailed kite
Bison

Black-fruit mountain-ricegrass
Black lordithon rove beetle
Carolina parakeet

Clustered poppy-mallow
Creamflower tick-trefoil
Ditch-grass

Eastern prairie white-fringed orchid
Eaton’s lipfern

Field sedge

Golden eagle

Horsetail spikerush

Ivory billed woodpecker
Marsh blazing star

Missouri blackberry
Mountain lion

Northern raven

Osprey

Passenger pigeon

Peregrine falcon

Red wolf

Torrey’s bulrush

Yellowleaf tinker’s-weed

Loss of habitat
Overhunting
Loss of habitat
Unknown
Overhunting
Loss of habitat
Loss of habitat
Loss of habitat
Loss of habitat
Loss of habitat
Loss of habitat
Predator control
Loss of habitat
Loss of habitat
Loss of habitat
Loss of habitat
Predator control
Predator control
Predator control
Overhunting
Predator control
Predator control
Loss of habitat
Loss of habitat

Historic Changes by Ecological Section

Historic accounts and GLO data reveal more details

about the historic period in various ecological sections
and subsections of the Highlands. (Ecological units are

displayed in fig. 1.1.)

Ozark Highlands

Schoolcraft’s account of the White River country in
1818-1819 indicates rich biodiversity and varied ecologi-
cal communities in the Ozark Highlands. His daily log,
with distances traveled and vegetation encountered each
day, is an invaluable record of the area he crossed (all
page references for this section are to Rafferty 1996).



He described the Meramec River Hills subsection as
“hills crowned with oaks” (p. 21), then “yellow pine
[and] the soil being sterile, and vegetation scanty” (p.
22) with rich forest lands along the Fourche a Courtois
(p. 23) followed by “a succession of sterile ridges, thinly
covered with oaks” (p. 24). The Osage Fork of the
Meramec had “extensive prairies all along its banks” (p.
24). He also found “barren prairie country” (p. 26). The
Current River Hills subsection had “lofty forests of
pine” and along the Current River the “soil [was] rich
and covered with a heavy growth of trees” (p. 26), as
well as ridges covered “thinly with yellow pine, and
shrubby oaks . . ..” (p. 35).

He described the Central Plateau subsection as
“highland prairie, with little timber, or underbrush and
covered with grass. It is a level woodless barren
covered with wild grass and resembling the natural
meadows or prairies of the western country in appear-
ance, but lacks their fertility, their wood, and their
remarkable equality of surface” (p. 35-36).

In the White River Hills subsection, on the headwa-
ters of the North Fork of White River, travel was
initially over “rich bottom lands, covered with elm,
beech, oak, maple, sycamore and ash” (p. 41). Turning
west from the stream “to completely disengage our-
selves from the pine-forest . . . we found ourselves on
an open barren, with very little timber . . . we passed
over a sterile soil, destitute of wood” (p. 44). Following
a tributary to the west, Schoolcraft found the going
rough, owing to thickets along the stream. Attempting to
cross canebrakes and a swamp, his horse became
mired: “sunk in soft black mud so deep that the upper
part of his back and head were only visible” (p. 58). He
and his companion eventually extricated the horse from
what must have been a deep muck fen, an unusual
community type in the Ozarks.

In the White River Hills subsection Schoolcraft found
cane thickets and forests of oak, ash, maple, walnut,
mulberry, sycamore, hickory, and elm on alluvial soils.
He found prairies of coarse grass and “scanty” timber
on the limestone hills and “bald mountains.” He was
most taken with the Springfield Plain and a 2-mile-wide
strip of vigorous forest bordering the James River,
within extensive prairies covered with tall grasses.

Nelson’s (1997) study of tree densities in various
physiographic sections indicated that open woodlands

were more common in the Ozarks and the Till Plain,
whereas closed forests prevailed on the bottomlands of
the Mississippi Alluvial Plain. Soil conditions were often
described as harsh and no doubt played a role in forest
structure, but fire also probably played a part (Nelson
1997). “Thinly timbered” conditions were described in
8.8 percent of GLO mile notes for the Ozarks, and an
average of only eight trees per acre prevailed in these
places, indicating savanna communities (Nelson 1997).
Only one prairie and one glade were recorded.

Similarly, using all GLO notes in Missouri, Schroeder
(1982) mapped few prairies outside of the Springfield
Plain and Osage Plain. However, even some areas
described as “heavily timbered” were also described as
having grassy ground cover, indicating relatively open,
periodically burned conditions (Ladd 1991).

Pine was especially prominent where the topography
was rolling to steep and the sandstone component of the
residuum was high. Inadequate winter precipitation
limited pine to the southeastern part of this section.
Deeper loess deposits, the presence of soil fragipans,
and the Jefferson City geologic formation also were
barriers to pine. The Current River Hills subsection and
parts of surrounding subsections comprised the heart of
shortleaf pine country in Missouri (Fletcher and
McDermott 1957).

Much historic vegetation in the Ozark Highlands
section remains today: upland hardwood forests, pine
forests, open oak woodlands, bottomland forests, mesic
hardwood forests, prairies, and even fens. Primary
changes between 1819 and today are that fertile prairies
have been cultivated; many of the poor prairies, barrens,
and open woodlands have grown more woody and
dense due to fire suppression; and most large bottom-
land forest areas have been inundated as a result of
flood control.

Boston Mountains

Near the upper White River in the Upper Boston
Mountains subsection, Gerstiacker (1881) described the
vegetation:

There was no trace of fir [cedar]; the mountains
were covered with oak, beech, and hickory . . .. It
struck me as extraordinary that the best and most
fertile land was on the hill tops, where in other
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places, it is generally the worst; here grew black
walnut, wild cherry, with stems sometimes twenty
inches in diameter, black locust, and sugar maple,
trees which generally grow only on the richest
soils. (p. 282)

The dominant trees in the Lower Boston Mountains
subsection in 1837 to 1843 were white oak, black oak,
and post oak, with appreciable numbers of hickory.
White oaks were most commonly on steep slopes and
higher elevations. Post oaks were most commonly on
high elevations, upper stream valley floodplains, and
intermediate flat uplands. Black oak and hickories were
distributed across all landform types (Lockhart and
others 1995, Harmon and others 1996).

A comparison of the available information on historic
vegetation with modern vegetation indicates fewer
major historic changes than in other sections of the
Highlands. However, literature on this section is skimpy,
and research on historic vegetation should be a priority.

Arkansas Valley

Historically, the Eastern Arkansas Valley section was
mostly forested. Further west, out of the bottomlands,
were open oak woods, the ground layer of which was
partly covered with grasses. Bottomlands were heavily
wooded.

Near Fort Smith, prairies became predominant,
with both oak- and pine-covered ridges. The Western
Arkansas Valley Mountains were forested, with pine
and oaks codominant. Pine was typically on south-
facing and northwest-facing aspects, white oaks on
northwest to northeast aspects, black oaks on west-
facing slopes, and post oaks most commonly on shallow
slopes. Although more open than forests of the area
today, these were not savannas, although the GLO
survey notes documented forests with a relatively
low density and basal area, consistent with frequent
burning. Savannas may have existed in smaller areas
than those that may be discerned by this approach.
Understory was typically described as “oak bushes,”
which is indicative of periodic fire (Foti and Glenn
1991).

Nuttall (1980, but describing conditions in 1819)
described the effects of intentional burning on prairies
near Forth Smith in the Arkansas Valley:
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I took an agreeable walk into the adjoining prairie,
which is about two miles wide and seven long.

I. .. could perceive no reason for the absence of
trees, except the annual conflagration . . . . The
numerous rounded elevations which [checker] this
verdant plain, are so many partial attempts at
shrubby and arborescent vegetation, which nature
has repeatedly made, and which have only been
subdued by the reiterated operation of annual
burning, employed by the natives, for the purpose
of hunting with more facility and of affording a
tender pasturage for game. (p. 158)

On his return from the Red River, Nuttall found “pine
ridges” and “oak ridges” in the Western Arkansas
Valley subsection (p. 164).

A botanist with Stephen Long’s expedition (James
1823) described a similar scene. Traveling east from
Fort Smith, their path lay “through open woods of post
oak, black jack, and hickory, occasionally traversing a
narrow prairie. In these open plains, now covered with
rank grass and weeds, we discovered here and there
some traces, such as a skull or hoof of a bison”

(p- 264). There were “heavily wooded low grounds”
near present-day Paris (p. 266), while the summit of
Short Mountain in that vicinity was “covered with small
trees, among which the red cedar, or some other
evergreen tree predominates . . . . The upland forests
are almost exclusively of oak, with some . . . hickory,
dogwood, and black gum. They are open, and the
ground is in part covered with coarse grasses” (p. 267).

Further east, within the Central Arkansas Valley
subsection, Nuttall climbed Petit Jean Mountain in 1819
and saw “a vast wilderness . . . covered with trees . . . .
To the east a considerable plain stretches out, almost
uninterrupted by elevations . . . . Over the vast plain
immediately below me, appeared here and there belts of
cypress . . . they seemed to occupy lagoons and
swamps, at some remote period formed by the rivers”
(pp. 120-121).

Ouachita Mountains

In the eastern part of the Ouachita Mountains, oak
and pine forests of relatively small trees occurred, along
with dense forests of oak, ash, and sugar maple. The
historical literature and GLO surveys support the view



that the forest was more open at the time of European
settlement and that fires contributed to that low density
(Foti and Glenn 1991). In the western Ouachita
Mountains, oak savanna was documented. Only in the
valleys of the western Ouachita Mountains and
westernmost Fourche Mountains did prairies become
dominant in the landscape. In that area, ridges were
predominantly pine or oak-pine. Oaks dominated shaley
rolling uplands of the Athens Piedmont Plateau subsec-
tion, while pine and stunted hardwoods were more
common on the sandstone ridges.

In general, pine was virtually ubiquitous in the historic
forests of the Ouachitas, but it varied greatly in domi-
nance. Hardwoods, primarily oaks, were also a major
component on most sites (Foti and Glenn 1991). On
very high ridges in the western Fourche Mountains,
stunted forests of white oak and post oak occurred
(Nuttall 1980), while mesic forests with beech occurred
in protected areas (Foti and Glenn 1991). In the more
easterly Fourche Mountains and Central Ouachita
Mountains, hardwoods—primarily oaks—were domi-
nant on sandstone while pine became dominant on
novaculite. In the extreme eastern Fourche Mountains,
barrens dominated by stunted oaks occurred in the dry
valleys. Cane grew along bottomland streams.

During an expedition to the hot springs of Arkansas
in 1804 and 1805 (Rowland 1930), Dunbar and Hunter
found cane along the margin of the Ouachita River
within the Central Ouachita Mountains and noted that
some of the hills were barren. Oak species dominated
between Gulpha Creek and the hot springs, although the
travelers also recorded “pine woods.” From Hot Springs
Mountain in what is now Hot Springs National Park,
they wrote that “the timber here is not large[,] consisting
of oak, pine, cedar, holly, hawthorn, with many others
common to this climate, with a great variety of vines”
(p. 274).

James, the botanist with the Long expedition of
1819-1820, described the Ouachita Mountains between
present-day Dardanelle and Hot Springs (Fourche
Mountains subsection) as covered with small and
scattered trees or nearly treeless (James 1823). Oak
species and Ozark chinkapin occurred on sandstone and
pine forests on novaculite (p. 287). However, not all of
the area James described was barren. Dense forests of
oak, ash, and sugar maple occurred along the bases of
mountains east of present-day Hot Springs (p. 297).

Thomas Nuttall (1980) described prairie “full of
luxuriant grasses about knee high, in which we surprised
herds of fleeing deer” (p. 163) in the Ouachita Moun-
tains landscape between Fort Smith and the Red River,
in what is now eastern Oklahoma (Western Ouachita
Mountains subsection). On his return, he found an area
of bushes and half-burnt trees along the lower Kiamichi
River, which he described as “horrid, labyrinthine
thickets and cane-brakes [with] very little prairie”

(p- 162); he also noted hills covered in pine. He found
an “extensive cove, covered with grass, and mostly a
prairie of undulated surface” with thickets of greenbriar
along streams at the junction of Jack Fork and Kiamichi
Rivers (pp. 162—163). In the Fourche Mountains, he
also described dwarf white oak forests like those
currently found on the crest of Rich Mountain (p. 164).

“The barrens that lie betwixt these ridges” in the
extreme eastern Fourche Mountains subsection north of
Little Rock were very dry and dominated by stunted
oaks (Featherstonhaugh 1844, p. 39). Similar vegetation
can be seen today on National Guard Camp Joe T.
Robinson in North Little Rock, along Featherstonhaugh’s
route. In the 1830’s, pines dominated the northern
Ouachita Mountains as well as the Arkansas Valley
(Foti and Glenn 1991). Mesic forests occurred on north
slopes. Undergrowth tended to be “oak bushes,” a
growth form that can result from frequent low-intensity
fires. Cane apparently grew only along major rivers, and
vines and briars were not common. Surveyors did not
mention grass but referred to sites with “no under-
growth,” perhaps indicating that there was no woody
undergrowth but there was grass undergrowth, as
surveyors once made this observation in the same mile
where they recorded a “prairie” (Foti and Glenn 1991).

In the Western Ouachita Mountains subsection, a
survey in 1896 found white oak, northern red oak, post
oak, shortleaf pine, black oak, and hickories, in that
order, dominant in the area. Density was low enough
that the area should be described as savanna. At the
same corners in 1994, dominants were shortleaf pine,
white oak, mockernut hickory, northern red oak, post
oak, and black oak, in that order (Kreiter 1995).

Red-cockaded woodpeckers are currently located in
an area of the Fourche Mountains that had an abun-
dance of pines in the pre-settlement forest; this area
was superior habitat for the species in the past and has
remained so. In 1819 and 1820, the Ouachita Mountains
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between present-day Dardanelle and Hot Springs
(Fourche Mountains subsection) were covered with
small and scattered trees or were nearly treeless
(James 1823). Oak species and Ozark chinquapin
occurred on sandstone with pine forests on novaculite
(p. 287). However, not all of the area James described
was barren. Dense forests of oak, ash, and sugar maple
occurred along the bases of mountains east of Hot
Springs (p. 297).

Effects of Disturbances on Highlands
Ecosystems

As the prehistory and history of the Ozark-Ouachita
Highlands demonstrate, climate (both long-term changes
and short-term events), fire, and biotic factors, such as
outbreaks of insects, are important natural disturbance
factors in its ecosystems. Human-caused factors, such
as flood control, introduction of nonnative species, and
the prevention, suppression, or setting of fire, also can
disturb ecosystems either in fairly “naturalistic” ways or
in “catastrophic” ways. People have been a constant
influence on plant communities and ecosystems of the
Highlands, so the idea of a “natural” environment, free
from human influence, is false. Human and nonhuman
disturbance and vegetation in the Ozark-Ouachita
Highlands are inextricably intertwined. Ecosystems
change constantly as they respond to various distur-
bance events.

Climatic Disturbance Factors

Climate is the most important influence on vegetation
in the Ozark-Ouachita Highlands. Although climate is
often thought of as relatively stable, “average” climatic
conditions seldom occur. (See Chapter 1 of the compan-
ion report Aquatic Conditions [USDA Forest Service
1999a] for a complete treatment of climatic patterns in
the Highlands). Extremes of temperature and precipita-
tion function as disturbances in particular ecosystems
and may have more impact on the distribution of species
than long-term averages. Native species, particularly
those that are long-lived, must deal with many extreme
episodes. Animal species may adjust to climatic ex-
tremes by moving to cooler, warmer, or more protected
places or by becoming dormant. Plant species may
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respond to short-term stresses by reducing transpiration,
shedding leaves, or otherwise becoming dormant, and
may respond to long-term or repeated stresses with
genetic changes or population shifts.

Ice and Snow

Ice and snow occasionally damage pole-sized
shortleaf pines in plantations, but most native trees of
the Assessment area are fairly well adapted to ice and
snow. Late frosts can damage spring buds, especially in
valleys subject to cold-air drainage, but rarely cause
mortality. However, periodic severe ice storms cause
extensive damage and are to be expected over the life
span of dominant trees. This is one of the stand-
replacing disturbances of the region.

Species such as loblolly pine, abundant in the Coastal
Plain forests south and east of the Assessment area but
only recorded in the Highlands historically in moist areas
of the southernmost Ouachitas, have been widely planted
in the southern half of the Highlands and are more
susceptible to winter damage (Burns and Honkala 1990).

A few mountains in the Assessment area, notably
Rich and Black Fork Mountains in the Ouachitas, are
high and exposed enough to experience montane
conditions—cold and windy, with considerable fog and
ice. As a result, oaks on the crests of these mountains
are stunted, only reaching heights of a few feet to about
30 feet.

Wind

The frequency, intensity, and scale of wind distur-
bances can cause significant variations in forest regen-
eration processes and resulting communities. In
relatively low-intensity events, wind is responsible for
“gap-phase” dynamics, the process by which a forest is
renewed by death and replacement of individual trees or
small groups of trees. Occasionally, severe windstorms
or tornadoes destroy all or most trees within a large
area, especially when preceded by soil-saturating rains.

A 19"-century traveler in Arkansas noted that
tornadoes “will sweep a district of a mile in width and
several miles in length, leveling everything in their path.”
After a time, the tornado-swept land became “impen-
etrable [thickets of] blackberries, thorns and creepers”
important for wildlife such as bear (Gerstacker 1881:

p. 273).



Among the more notable recent blowdowns, a
tornado leveled a portion of Winona Research Natural
Area on the Ouachita National Forest in 1986. Its swath
is still visible in young stands along the track today. In
fact, high winds blow down trees in the Ouachitas
nearly every year. High winds or tornadoes hit the
Eleven Point District of the Mark Twain National Forest
in the spring of 1997, knocking down or breaking off
many oaks and pines.

Such intensive, large-scale damage is often likened to
the effects of clearcutting (see Chapter 4), but wind-
storms seldom remove all canopy trees uniformly, nor do
they cause the uniform soil disturbance often associated
with site preparation. Severe storms may, however,
remove virtually all canopy trees, and uprooted trees do
cause significant soil disturbance.

Drought and Fire

Droughts can limit the distribution of plant and animal
species. The Assessment area experiences more
frequent and severe droughts than areas to the east.
Droughts damaged vegetation in some areas of the
Ozarks and Ouachitas in 1980 and 1981, leading to a 10
to 15 percent tree mortality in some places in 1983 and
1984 (Nelson 1985).

Drought can interact with other disturbance factors
to cause greater change. For example, the phenomenon
of oak decline (see Chapter 6) has been attributed in
part to drought (Kessler 1992). In Missouri, overstock-
ing of scarlet and black oaks on sites where post and
white oaks and shortleaf pine are better adapted
apparently contributes to drought-caused disturbance.
Both competition and site adaptation may play roles
here.

Wildfires, more common during drought years, can
lead to the natural regeneration of new forest stands.
Mattoon (1915) reported that almost all pure stands of
shortleaf pine in western Arkansas (Montgomery and
Pike Counties) dated from approximately 1740 or 1850.
Those years may have followed ones marked by
exceptionally dry periods during which stand-replacing
wildfires were common. These dates roughly coincide
with those of high charcoal deposition in a bog and
natural lake in the western Ouachitas: fire occurrence
there peaked during the Altithermal period of approxi-
mately 5,000 years before present (B.P.) and then again

about 1700 B.P. and 200 B.P., but occurred throughout
the record preserved in the sediments (Albert and
Wyckoff 1981).

Before fire prevention and suppression became
common, forests in the Assessment area typically had
fewer trees, spaced much further apart, than do today’s
stands (Batek 1994, Schroeder and others 1997). Fire is
probably the second-most important natural change
process in the Highlands, following climate. Fire is a
natural factor to which many species and ecosystems
have adapted (USDA Forest Service 1997). The impor-
tance of fire as a landscape process in the Highlands
has been emphasized by many ecologists, beginning with
the study of Beilman and Brenner (1951).

The Assessment area lies at the southern and
eastern edge of the Midwestern prairies, which owe
their existence to climate, fire, and grazing. The pine
and oak forests of the Assessment area were strongly
influenced by fires as well (Spurr and Barnes 1980,
Abrams 1992).

Likewise, the glades of the White River Hills—
openings of tallgrass prairie in the surrounding oak
woodlands—evolved with and depended upon fire as an
agent of primary decomposition and nutrient recycling.
Grassland plants produce fuel conditions that make fire
almost inevitable, and only plant species that are ex-
tremely fire-tolerant or fire-dependent persist there.

Data on present-day lightning-set fires show a high
peak in August, with high numbers also in July and
September (Foti and Glenn 1991). Fires were also
frequent in April, but not nearly as numerous as in
August. The same general pattern was shown in the
eastern Oklahoma Ouachitas, but with the highest peak
in July (Masters 1994).

Society in the Ozark-Ouachita Highlands has long
attempted to control the effects of fire, first by setting
fires to extend its benefits and later by preventing and
suppressing fires. Before European settlement,
American Indians regularly set fires that burned across
huge areas and stopped only at large rivers or when rain
intervened (Williams 1994), apparently to thin woods,
promote grazing land, and drive game into confined
areas, making hunting easier.

Fire frequencies varied among the subsections of the
Missouri Ozarks (Guyette and McGinnes 1982, Ladd
1991, Ladd and Huemann 1994, Nelson 1993, Rebertus
1994); the Arkansas Ozarks (Jenkins and others 1997);

15



and the Ouachita Mountains (Foti and Glenn 1991,
Johnson and Schnell 1985, Masters and others 1994).
Fire frequencies ranged from 2 to 40 years. Longer
frequencies occurred during the settlement period; most
frequencies are longer than the measured fire-return
interval, since only fires intense enough to produce scars
would be seen in the record.

In the late 1720’s, Le Page du Pratz of Natchez
traveled through Louisiana Territory “from the Natchez
to the St. Francis” (du Pratz 1774), apparently reaching
northeastern Arkansas. Although he made no specific
references to fire in the Highlands, he made this general
comment that may be assumed to pertain at least to the
southern Highlands:

We set out in the month of September, which is
the best season of the year for beginning a journey
in this country: in the first place, because, during
the summer, the grass is too high for travelling;
whereas in the month of September, the meadows,
the grass of which is then dry, are set on fire, and
the ground becomes smooth, and easy to walk on:
and hence it is, that at this time, clouds of smoke
are seen for several days together to extend over
a long track [sic] of country; sometimes to the
extent of between twenty and thirty leagues in
length [a league is variously 1.6 to 3.2 miles,
usually estimated at about 3 miles], by two or
three leagues in breadth, more or less, according
as the wind sets, and is higher or lower. (p. 134)

An “immense conflagration” occurred in an area 12
miles wide between ridges of the Ouachita Mountains in
late November 1835 (Featherstonhaugh 1844, p. 36).
Similarly, in Lincoln County, MO, just north of the Ozark
Highlands, Joseph Mudd (1888, quoted in Ladd 1991)
noted:

Annually, after this rank growth of vegetation had
become frosted, dead, and dry, the Indians set fire
to it and burned it from the entire surface of the
country. When this annual burning ceased, the
germs of underbrush and young timber began to
grow . . . .

Ladd (1991) provides many other similar descriptions.
As burning declined with European settlement, the

forest’s understory redeveloped rapidly. Gersticker

(1881) described using fire to hunt deer at night: “The
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fire being kept behind your head, the eyes of the game
will glow like balls of [fire]. [The] deer, accustomed to
the frequent fires in the forest, are not alarmed” (p.
217). Gerstiacker observed in another area that “the
forests not having been burnt for many years, were so
thickly overgrown with underwood, that it was impos-
sible to find the deer, or to shoot game enough to live
upon” (p. 226). James (1823) noted that, “Since their
occupation by permanent inhabitants, the yearly ravages
of fire have been prevented, and a dense growth of
oaks and elms has sprung up.”

Since lightning-set fires and the fires referred to in
the historic record occurred at approximately the same
time (lightning-set fires concentrated in July—September
and human-caused fires occurring September—
November), it seems clear that American Indians did
not impose a new disturbance regime, but modified the
natural regime by increasing the frequency, reducing the
intensity, or shifting the timing of fires to later in the
autumn, when damage to vegetation was less (Foti and
Glenn 1991). In general, fires can only be set when fuel
is dry enough, and this is the time vegetation would burn,
either from lightning strikes or anthropogenic starts.
There is a smaller peak in lightning-set fires in March—
April that is seldom mentioned in the historic record.
Fires early in the growing season may have had much
more impact on vegetation composition structure and
composition than those in late summer.

Therefore, American Indians and early settlers did
not produce the overall vegetation patterns of the
Assessment area but rather apparently modified and
emphasized the effects of lightning-caused fire (Foti and
Glenn 1991). This conclusion is disputed by the studies
of Kreiter (1995), however, and questioned by others.

Fire suppression became a significant disturbance
factor in the Assessment area in the 1930’s, as owner-
ship of depleted farm and forestland reverted to State or
Federal Governments. Reaction to damage from
careless burning nationwide led to virtual exclusion of
fire from all ecosystems and Smokey Bear became the
symbol of forest protection. Through direct action (fire
control) and indirect action (land development, grazing,
reservoir construction, and logging), natural fires were
for all practical purposes eliminated. As an example, fire
suppression increased the fire return interval at an
average site in Hot Springs National Park from 41.4
years to 1,200 years during the period 1700-1980



(Johnson and Schnell 1985). Similarly, the mean fire
return interval for McCurtain County (OK) Wilderness
Area increased from 29.9 years to 547 years (Masters
and others 1995). In each of these cases, it should be
understood that fire histories as reconstructed from fire
scars underestimate the return interval. Therefore, the
measured intervals are longer than the actual intervals.

In general, the forests of the Assessment area are
more closed and less biologically diverse than the open
oak and pine woodlands of the past. Extensive areas of
pine-dominated forest are now rare in Missouri (Nigh
and others 1992), and fire suppression has led to
overstocking of black and scarlet oaks on sites where
post and white oaks and shortleaf pine are better
adapted. After 60 years of effective fire suppression,
the shortleaf pine forests of the Ozarks and Ouachita
Mountains are no longer open and no longer support the
grass and forb understory described as characteristic of
these forests in earlier times (Martin and Kline 1985,
Bukenhofer and Hedrick 1997).

Oak forests also benefit from fire (even though
individual trees may be damaged from an economic
viewpoint). Fire helps maintain valuable timber- and
mast-producing oak forests by a number of mecha-
nisms, but especially by giving oak reproduction the
competitive advantage over other species (Abrams
1992, Johnson 1993, Lorimer 1992, Van Lear and Watt
1992). (See Chapter 4 for discussion of oak silviculture.)
While perhaps not as serious a problem in the relatively
dry Ozarks as it is further to the north and east, oaks

are gradually giving way to maples, blackgum, tulip-
poplar, and other tree species on some sites (Packard
1991).

When fire is removed from a natural grassland
community, fire-sensitive species such as eastern red
cedar quickly invade, and fire-dependent species such
as the prairie legumes and tallgrass prairie species lose
vigor and dominance.

Today, under conditions greatly different than those
prevalent 200 years ago, most wildfires in the Assess-
ment area result from human accidents or arson.
Between 1981 and 1996, for example, lightning caused
only 2, 6, and 15 percent of the wildfires on the Mark
Twain, Ozark-St. Francis, and Ouachita National
Forests, respectively (table 2.1). The rates of lightning-
caused fires on non-Federal lands in the Assessment
area States were less than 2 percent (table 2.2).

Floods

Flash floods can have significant effects on riparian
ecosystems in the Assessment area. Comparison of
aerial photographs of 1935 with recent ones shows that
dynamic riverside forests continually change in reaction
to floods, with bands of sycamores and river birch trees
moving across bottomlands as sand and gravel bars
migrate. The Arkansas River submerges large bottom-
lands in the Arkansas Valley Section for long periods.
Although levees, dams, and flood-control reservoirs in
the watershed prevent or alter many of these natural

Table 2.1—Wildfires, including number of lightning-caused ignitions
and acres burned, on the Highlands’ national forests, 1981 through 1996

Average annual

number of fires
Total

National number of Lightning- Acres
forest wildfires Total caused burned
Mark Twain 3,231 202 4 94,456
Ozark-St. Francis 1,233 77 5 20,257
Ouachita 1,689 106 16 26,810

Total 6,153 385 25 141,523
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Table 2.2—Lightning-caused and human-caused fires
on State and private lands from 1981 to 1996

Average annual
lightning-caused

Average annual
human-caused

State fires fires
Missouri 14 2,290
Arkansas 33 1,815
Oklahoma 27 1,606

Source: File records of the Arkansas Forestry Commission,
Oklahoma Department of Agriculture (Forestry Division), and
Missouri Department of Conservation (Forestry Division).

changes, significant areas of bottomland forest still exist
along the Arkansas River and its tributaries. Floods in
developed watersheds are usually more severe and
destructive than those in naturally forested ones.
Studies are underway to determine how flash floods
affect the Little Piney and Jack’s Fork watersheds in
Missouri (Jacobson 1995). Such studies may provide
additional insight into an important change process.

Biotic Disturbance Factors

Biotic factors can be very significant in ecosystems,
particularly as they interact with other disturbance
factors. For example, southern pine beetles may not
have been a serious threat to forest health as long as
fire helped maintain relatively open forests and wood-
lands. But the insect can be a significant disturbance
factor in dense pine stands.

Human introductions of nonnative species can
significantly change ecosystems, as well. The gypsy
moth’s destruction of forests in the Eastern United
States is one of the best known examples. The looming
arrival of the gypsy moth “front” to the Assessment
area could be an unprecedented disturbance event, with
negative effects on many organisms and positive effects
on others. (See Chapter 6 for discussion of biological
threats to forest resources.)

In the meantime, one of the ongoing biotic distur-
bances of interest to public land managers and others is
livestock grazing. Use of open forests, savannas,
woodlands, and native grasslands for grazing occurred
in the Ozark-Ouachita Highlands well before European

18

settlement and continues today, albeit at lower levels.
For early settlers on small farms in the Ozark-Ouachita
Highlands, livestock was a minor to very significant
source of income. Much of the livestock economy
(cattle, hogs, horses, and sheep) depended upon free
and unrestricted, year-round (“open-range”) grazing of
public lands and some private lands. Immigrants found a
wide variety of such grazing opportunities in the High-
lands. By the mid-1900’s, enactment of laws limiting
“woods burning” and development of a strong fire
prevention program greatly reduced the occurrence of
fires and allowed tree canopies to expand and grasses
to decline in many prairies and woodlands.

Increasingly dense tree canopies and protection from
fire reduced available forage on many lands in the
Highlands, including the national forests. Improvement
of pastures on private land, as well as conflicts with
other resource uses, such as recreation, wildlife, and
intensified timber management on national forests, also
contributed to a decline in grazing on national forest
lands (Lee 1980). Other factors contributing to the
decline of range grazing in the Assessment area include
legal prohibition of open-range grazing on public and
private lands; increased grazing fees on national forest
lands in an effort to recover “fair market value”;
permittees on national forest lands reducing their
operations or retiring; and the movement of younger
people away from single-family farms. Still, range
grazing continues to be an important biotic disturbance
factor in the Highlands.

In 1992, about 13,595,600 acres of non-Federal lands
within the Assessment area were devoted to grazing,
down only about 5 percent compared to 1982 levels
(USDA NRCS 1997). (Much of the grazing land was
converted to other uses such as urban and residential
expansion, agricultural crops, or timber.) On the three
national forests, 131 permittees were grazing cattle in
1996, down from 401 in 1987; Animal Unit Months
(AUM’s) under permit declined from over 75,000 to
about 28,000 during the same period (table 2.3).

The timing and intensity of grazing are key variables
affecting its impacts on an ecosystem. Early and
continuous overgrazing can cause the loss of topsoil by
erosion and limit recovery of the vegetation. Overgraz-
ing depletes the reserves in perennial plants and eventu-
ally kills them. In the long term, more palatable species
are replaced by less palatable ones.



Table 2.3—Animal Unit Months (AUM’s) and number of grazing permittees on

national forests of the Highlands in 1987 and 1996

1987 1996
National forest AUM’s Permittees AUM’s Permittees
Ozark-St. Francis 20,809 112 10,262 35
Ouachita (AR) 22,742 140 4271 34
Ouachita (OK) 8,000 33 1,438 9
Mark Twain 23,717 116 12,151 53
Total 75,268 401 28,122 131

Even light or seasonal grazing can favor the spread
of certain less favorable species (Smith 1940).
Penfound (1964) found protection from grazing led to
rapid plant succession, decrease in forage, and increase
in mulch. Hazell (1964) found heavy grazing decreased
range conditions and vigor, while increasing undesirable
grasses and forbs. Similarly, Jensen and Schumacher
(1969) found the more desirable native bluestems
decreased and less desirable species increased in
numbers under long-term grazing.

Trampling by cattle can bury seeds and encourage
seedling establishment. Winkel and Roundy (1991)
found disturbance by cattle or mechanical methods may
enhance vegetation establishment during years with
moderate rainfall (depending on species and soil) but
may be unnecessary during wet years. They found that
during dry years it was futile to attempt to establish
seedlings. Thill (1984) found cattle grazing on newly-
harvested forest sites could benefit white-tailed deer by
improving accessibility to sites, slowing plant succession,
and possibly increasing preferred foods, such as lespe-
dezas, by reducing competing vegetation.

Implications and Opportunities

Several points emerge from the discussion of prehis-
toric and more recent change: 1) constantly changing
vegetation characterizes the Ozark-Ouachita Highlands;
2) the prominence of endemic species in the regional
biota indicate that even during extremes of climate,
refugia of oak-hickory forest existed; and 3) humans

were present (having arrived some 10,000 years ago)
during the assembly of “modern” communities and
ecosystems and very likely influenced their structure
and function.

Because people have been a constant influence on
plant communities and ecosystems of the Highlands for
thousands of years, ideas of “natural” (i.e., not human-
influenced) conditions need to be reviewed carefully,
even challenged. Human and nonhuman disturbance
events are inextricably intertwined with the vegetation
and wildlife of the Ozark-Ouachita Highlands. Society
cannot preserve ecosystems in unchanged states, nor
can it regulate them precisely to produce constant flows
of desired outputs or conditions—whether those desired
outputs are scenery, water, old-growth characteristics,
wildlife diversity, endangered species, or wood products.
Scientists face the challenge of countering long-held
ecological views and public policies that ignore the
consequences of disturbance and presume a constant
environment.

Knowledge of how ecosystems change enables
managers to take a more ecological approach to plan-
ning, implementation, and monitoring (Averill and others
1994, Pyne 1982, Williams 1993). For example, harvest-
ing methods may mimic some types of wind-caused
disturbance. Single-tree selection may mimic low-
intensity wind disturbance; group selection can mimic
gap-phase regeneration; and clearcutting may mimic
intensive disturbance, as from a tornado (see Chapter 4).

Knowledge of “natural” fire regimes gives forest
managers valuable perspective on modern questions
such as whether prescribed fire is necessary in specific
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circumstances, when it should occur, what intensity is
appropriate, and what are the most effective ways of
controlling wildfires. Wildlife, aesthetic, ecological, and
recreation values are served when fire is restored to
glades, savannas, and woodlands. Careful monitoring of
air, water, and soil qualities is an essential component of
efforts to ensure that prescribed fires remain a positive
overall environmental influence and that trade-offs are
understood. Studies that address the effects of reintro-
ducing fire to oak ecosystems in the Highlands would be
helpful.

Similarly, information about past vegetation conditions
in the Highlands may expand the options that can be
considered by public land managers, research scientists,
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and interested citizens. Information about presettlement
vegetation of the Boston Mountains is particularly
sketchy. Priority should be given to increasing knowl-
edge of historic vegetation in this section.

Expanded efforts to reintroduce the American elk to
the Ozark-Ouachita Highlands deserve consideration.
Populations have already been established at Cookson
Hills and Pushmataha Wildlife Management Areas in
Oklahoma and the Buffalo National River in Arkansas.
The more widespread reintroductions of elk suggested
by Bukenhofer and Hedrick (1997) would need to be
undertaken carefully, taking into consideration possible
diet overlaps with cattle, deer, and other species, as well
as possible physical changes to the forest.



Chapter 3: Status and Trends of Vegetation

Question 3.1: What trends in vegetation cover and
land use have occurred over the past 50 years?

Question 3.2: Are changes in vegetation cover—
including age-class distribution, species
composition (e.g., cover types), and
fragmentation—taking place?

Question 3.3: How are old-growth forest stands
distributed? What is their management status?
What is the potential for retention or restoration
of such communities?

This chapter provides information about the vegetation
cover of the Assessment area. The types and areal
extent of vegetation in the Highlands are of interest for
many reasons. Vegetation cover largely determines the
availability of habitat for terrestrial animals, plants, and
other organisms. Vegetation cover strongly influences
what uses (e.g., timber, forage, recreation) people can
make of natural biological resources. Vegetation cover
plays a major role in maintaining desired riparian and
aquatic conditions (see USDA FS 1999a). Many people
care (for aesthetic and other personal, largely noneco-
nomic reasons) about the extent and types of vegetation
cover in the Highlands and the changes it may be under-
going. Finally, information about vegetation cover en-
hances the ability of scientists to study the availability of
plant and animal habitats over large areas and gives all
interested parties a clearer picture of the changing
representation of various cover types (e.g., conifer-
dominated vs. hardwood-dominated forest or forests vs.
pasture land) over time.

Key Findings

1. As measured by Advanced Very High-Resolution
Radiometer data, oak-hickory forest is the most
extensive vegetation type in the Assessment area,
covering 15 million acres (ac) or 36 percent of the
area.

2. Oak-pine forest is the second most extensive vege-
tation type within the region, with 4.4 million ac (11
percent of the Assessment area). The largest acreage
of this type (660,000 ac) occurs within the Fourche
Mountains subsection of the Ouachita Mountains.

3. Nonindustrial private forest (NIPF) owners hold 68
percent of the 22.89 million ac of timberland in the
Assessment area; forest industry owns 11 percent.
Thus, private and corporate landowners together hold
more than 79 percent of the timberland. The remain-
ing 21 percent consists of public timberlands, three-
fourths of which are within one of the national forests.

4. The abundance of oak in the Ozark-Ouachita
Highlands is matched by only two other regions in
the United States, the Central Appalachian and
Eastern Broadleaf Forest (Continental) Provinces.

5. The annual net growth of hardwoods and softwoods
is more than double the annual removals.

6. Since the 1970’s, forested area has increased in five
of the six Forest Inventory and Analysis (FIA)
survey regions in the Highlands and, in some in-
stances, dramatically.

Vegetation Cover

A Comparison of the Highlands to
Surrounding Ecoregions

Processes and patterns at local, landscape, and regional
scales influence the distribution of species and local
biological diversity, thus making assessments at
each of those scales important. The following sections
compare the composition and patterns of land cover in the
Ozark-Ouachita Highlands to land cover in surrounding
ecological provinces and to the Eastern United States.

21



Data Sources and Methods of Analysis

This analysis was conducted at the province level of
the National Hierarchical Framework of Ecological
Units (McNab and Avers 1994). The Assessment area
includes parts of two ecological provinces, the South-
eastern Mixed Forest (map units 231and M231 in Keys
and others 1995) and Eastern Broadleaf Forest (Conti-
nental) Provinces (units 222 and M222 in Keys and
others 1995). The Team compared land cover of the
Assessment area to the remaining parts of provinces
222 and 231 and to provinces M221, 221, 232, 234, 251,
and 255 (fig. 3.1). The Team also compared the land
cover of the Assessment area to that of the Humid
Temperate Domain, which essentially corresponds to
the Eastern United States.

The Team used land cover units mapped by the U.S.
Department of Agriculture, Forest Service, from
Advanced Very High Resolution Radiometer (AVHRR)
data. Land cover types include 13 forest types, a
nonforest class, and an aquatic class. The classes are
mapped as 1-kilometer-square pixels. These data
provide a large scale but coarse-grained assessment of
land cover (fig. 3.2).

Because of the large scale and large pixel size, this
report includes only a few landscape statistics, including
the percentage of each land cover, the percentage of
coverage in all forest types combined, the mean forest
patch size, and the total area. Percent forest cover and
mean-patch size are useful statistics for a coarse-
grained assessment of forest fragmentation (Robinson
and others 1995). When the percentage of forest cover
and mean patch sizes are relatively low, the forest is
more fragmented than when the percentage of forest
cover and mean patch size are high.

Patterns and Trends

Oak-hickory, oak-pine, and loblolly-shortleaf pine
forests cover large portions of the Assessment area (fig.
3.2 and table 3.1). Compared to other parts of the
Eastern United States, the Assessment area has the third
highest proportions of these forest types. Because of its
geographic location and the dominance of these three
forest types, the Assessment area has fewer forest types
than provinces that include more northern types (white-
red-jack pine, spruce-fir, maple-beech-birch, aspen-birch)
or southeastern forest types (longleaf-slash pine).
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Notable differences exist in land cover between the
Assessment area and surrounding provinces. The
Assessment area is in the mid-range of values for
percentage of forest cover and mean forest patch size
in the provinces and above these values for the Eastern
United States (table 3.1).

Implications and Opportunities

The prominence of oak in the Highlands is matched
by only two other provinces in the United States,
marking it as an especially significant forest resource.
The high percentage of forest cover and the large mean
forest patch size indicate low levels of forest fragmenta-
tion. As a result, the area is of high value to wildlife
species that are sensitive to fragmentation of forest
cover by nonforest land uses.

Forest Cover in the Highlands Based on FIA
Data

Data Sources and Methods of Analysis

The Forest Inventory and Analysis (FIA) research
work units of the USDA Forest Service are the primary
sources of data on land use and forest cover types
within the Assessment area. The research division of
the Forest Service conducts surveys of forest land in
each State approximately every 10 years, depending on
budgets, available personnel, cooperation by States, and
other variables. These surveys supply intensive probabil-
ity-based sample data available on a regional scale in
the United States. Data in these surveys summarize
general forest conditions in each State.

Two separate FIA research units conduct surveys in
the Ozark-Ouachita Highlands. The FIA research unit
of the Southern Research Station in Starkville, MS, is
responsible for surveying forest land in Arkansas and
Oklahoma, and the FIA research unit of the North
Central Forest Experiment Station, in St. Paul, MN, is
responsible for surveying forest land in Missouri.

Forest Inventory and Analysis researchers use a
large sampling network of permanent plots on public and
private lands across each State. Each plot is revisited
and measured on a predetermined schedule. All related
data for the plots are combined in a given area (such as
a region or State) to provide the general estimate of
forest conditions for that area. When recent data from a
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Table 3.1—Land cover statistics for the Ozark-Ouachita Highlands, surrounding ecological provinces, and the Eastern

United States, based on AVHRR data

Ecological region
Eastern
Habitat type OOH 221 M221 222 231 232 234 251 255 U.s.
----------------------------------- Percent ---------cocmm e
White-red-jack pine 0.0 53 1.8 0.5 0.0 0.0 0.0 0.0 0.0 2.0
Spruce-fir 0.0 0.9 0.3 0.0 0.0 0.0 0.0 0 0.0 1.7
Longleaf-slash pine 0.0 0.0 0.0 0.0 0.5 14.7 0.1 0 0.0 23
Loblolly-shortleaf pine 9.9 0.1 0.9 0.1 29.3 15.9 2.9 0 0.5 6.0
Oak-pine 10.8 53 11.9 1.0 19.0 8.2 1.3 0 1.5 4.8
Oak-hickory 354 374 50.9 13.8 17.3 4.1 2.5 2.6 9.5 12.1
Oak-gum-cypress 0.4 0.0 0.0 0.2 3.7 15.6 12.3 0 0.5 33
Elm-ash-cottonwood 0.9 0.0 0.0 1.8 0.0 0.0 0.2 1.2 0.0 0.5
Maple-beech-birch 0.0 8.5 53 52 0.1 0.0 0 0.4 0.0 5.7
Nonforest 40.3 41.5 28.6 75.7 28.4 40.3 79.3 953 85.8 51.9
Water 23 1.0 0.2 0.8 1.6 1.3 1.4 0.4 1.3 7.4
Total 57.4 57.6 71.1 23.5 69.9 58.5 19.3 4.3 12.8 40.9
------------------------------ Thousand square miles = = - = = = = === = === = o c e m e oo
Total area 64.3 95.2 65.5 2322 167.2 210.2 47.5 200.5 88.8 14135
---------------------------------- Square miles - - - == = === = = - e e oo
Mean forest patch size 2,828 2,764 9,095 430 6,487 3,310 868 87 419 —

AVHRR = Advanced Very High Resolution Radiometer; OOH = Ozark-Ouachita Highlands; 221 = Eastern broadleaf forest oceanic province;
M221 = Central Appalachian broadleaf-coniferous forest meadow province; 222 = Eastern broadleaf forest continental province; 231 = Southern
mixed forest province; 232 = Outer coastal plain mixed forest province; 234 = Lower Mississippi riverine forest province; 251 = Prairie parkland
temperate province; 255 = Prairie parkland subtropical province; Eastern U.S. = Humid temperate domain (all but OOH from McNab and Avers

1994); — = not calculated.

given plot are compared with previous survey data,
changes in forest condition can be determined. Details
of the procedures used in collecting and analyzing FIA
data can be found in Hansen and others (1992).

As with all sample-based information, survey data
are subject to sampling errors. For most of the analyses
in this section, survey data are based on a large number
of plots, and sampling errors will generally be low. For
example, the sampling error estimates for growing-stock
volume by region is £ 5 percent.

The most recent reports of surveys in the Assess-
ment area were in different years—Arkansas in 1997,
Oklahoma in 1993, and Missouri in 1988 (table 3.2). (A
new survey was under way in Missouri at the time of
the Ozark-Ouachita Highlands Assessment.) The

respective FIA units pooled data from those surveys to
provide information about the Assessment area.

The Terrestrial Team performed three analyses of
increasing complexity. The first analysis characterized
forested conditions in the Assessment area, based on
the most recent FIA data available. Only FIA sample
plots within the Assessment area boundary were used.
Thus, the current view is based on data obtained in
Arkansas from 1995 to 1997, in Oklahoma in 1993, and
in Missouri in 1988 (USDA FS 1997).

The second analysis evaluated changes in land use
and forest cover in the Assessment area. Because
historical plot data were inconsistent across States, it
was impossible to develop a specific link to the Assess-
ment area boundary. Therefore, the Team had to use
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Table 3.2—F1A survey regions, survey years, and
measurement intervals used for analysis of general trends
in forest cover of the Assessment area

State (survey Year of Measurement
regions) field work interval”
Oklahoma (East”) 1956 1950’s
1966 1960’s
1976 1970’s
1986 1980’s
1993 1990’s
Arkansas (Ouachita and Ozark) 1959 1950’s
1969 1960’s
1978 1970’s
1988 1980’s
1995 1990’s
Missouri (Eastern Ozarks,
Northwest Ozarks,
Southwest Ozarks) 1947 1950’s
1959 1960’s
1972 1970’s
1988 1980’s

“ Measurement interval indicates how measurement year was stratified
for analysis of trends over time.

b Combination of northeast and southeast Oklahoma regions.

Source: USDA FS (1997).

the traditional FIA regions, which correspond reason-
ably well with the Ozark-Ouachita Highlands (fig. 3.3).

The third analysis was an ecological assessment of
forest cover in the Assessment area based on the most
recent forest surveys. FIA data were stratified by
ecological section and subsection (see following para-
graph and, for more detail, Chapter 1) by locating FIA
plots within these boundaries using a Geographic
Information System (GIS). Plots within each subsection
in the Assessment area were retained for analysis. By
using this method, a separate FIA data set was pre-
pared for the Assessment.

The sections included in the Assessment area are,
from north to south: (1) the Ozark Highlands, (2) the
Boston Mountains, (3) the Arkansas Valley, and (4) the
Ouachita Mountains. Each section consists of several
ecological subdivisions, called “subsections” (see fig. 3.2
or, for a simpler image, fig. 1.1 in Chapter 1), which
represent areas of unique geological and ecological
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character. FIA data were used to evaluate each section
in detail and to compare the sections with one another;
subsections were compared where data permitted.

Assessment Area

Current Forested Area. According to FIA data,
the Assessment area encompasses 37,286,600 acres
(ac). Of this, 23,954,800 ac (more than 64 percent) are
forested, and 13,331,400 ac (about 36 percent) are in
nonforest uses such as agriculture, roads, towns, or
cities (fig. 3.4).

Of the forested area, more than 95 percent is classi-
fied as timberland, which is land producing or capable of
producing commercial timber harvests. Woodlands too
unproductive to support commercial timber harvests and
forests where timber harvests have been prohibited
(Federal wilderness and other “reserved” areas)
account for the remainder.

Land Ownership. Nonindustrial private forest
(NIPF) owners, such as farmers, urban or suburban
residents, and corporations not involved in the timber
industry, hold 68 percent of the 22.89 million ac of
timberland in the Assessment area; forest industry owns
11 percent (fig. 3.5). Thus, private and corporate
landowners together hold 79 percent of the timberland.

Of the 21 percent of timberlands on public lands, 75
percent (16 percent of all timberlands) are in the
National Forest System (i.e., part of the Mark Twain,
Ouachita, or Ozark-St. Francis National Forests). The
remaining 25 percent of public timberland consists of
Federal, State, county, and municipal lands, including
State forests, wildlife management areas, national
wildlife refuges, military bases, and local parks.

General Attributes of Highlands Forests.
Hardwoods are the dominant cover on 85 percent of the
timberland in the Assessment area (fig. 3.6). The oak-
hickory forest type is the most common in the region,
occupying 67 percent of the timberland. Pine types,
primarily shortleaf and loblolly pines, occupy only 15
percent of the timberland. Of this amount, 65 percent is
in shortleaf pine stands of natural origin, and 35 percent
is in plantations of either shortleaf or loblolly pine.

The timberlands in the Assessment area occupy
relatively poor sites. Most of the timberland acres fall in
the two lowest productivity classes; less than 2 percent
fall within the two highest productivity classes (fig. 3.7).
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Figure 3.3—FIA regions lying wholly or partially within the Assessment area.

However, the forests within the Assessment area
are, on average, adequately stocked (fig. 3.8). (Stocking
is a relative measure of the degree to which the growth
potential of the site is used by trees; for more informa-
tion, refer to Hansen and others 1992.) Forests on more
than 50 percent of the timberlands have stocking from
60 to 100 percent. Less than 33 percent of the timber-
lands are less than fully stocked (less than 60 percent
stocking), and about 17 percent of the area is over-
stocked (greater than 100 percent stocking).

FIA analysts distinguish between live trees (all living
trees), growing-stock trees (live trees of commercial
species and potentially useful for harvest), and sawtim-
ber trees (growing-stock trees large enough to use for
saw logs) (Rosson and London 1997). Generally, live-
tree comparisons best reflect the species composition
and distribution of the forest. Growing-stock compari-
sons reflect the commercial or merchantable component
of the forest, i.e., those trees that are suitable for
pulpwood or saw logs. Sawtimber comparisons indicate
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forest conditions associated with large trees (trees 9
inches [in.] in diameter at breast height [d.b.h.] and
larger) that are suitable for saw logs.

The average acre in the Assessment area contains
639 live trees, of which 200 trees are in the growing-
stock category. Hardwoods account for 77 percent of
live trees and 76 percent of growing-stock trees. The
average live-tree volume in the Assessment area is
1,032 cubic feet/ac, of which 74 percent is hardwood
and 26 percent conifer (pines and eastern red cedar)
(table 3.3). Cubic volume decreases from live-tree to
growing-stock to sawtimber categories. The distribution

of cubic volume also changes, with the percentage of
hardwoods declining and percentage of conifers in-
creasing. Finally, the average acre in the Assessment
area contains a sawtimber volume of 2,350 board feet
(40 percent pine and 60 percent hardwood).

The five species with the largest live-tree volumes in
the Assessment area are shortleaf pine, white oak, black
oak, post oak, and northern red oak (table 3.4). Together,
these five species account for 67 percent of the live-tree
cubic volume, 70 percent of the growing-stock volume,
and 76 percent of the sawtimber board-foot volume in
the Assessment area. Oaks as a group (those just noted

Table 3.3—Average per-acre volumes (live tree, growing stock, sawtimber) of conifers and hardwoods in

Assessment area timberlands

Sawtimber Sawtimber
Live-tree Growing-stock cubic board-foot
Tree type volume volume volume volume
———————————————————— Cubic feet/acre - -----====-------- Board feet/acre’
Conifer 269.7 (26.1%) 261.1 (32.1%) 154.3 (39.2%) 929.6 (39.6%)
Hardwood 762.5 (73.9%) 552.8 (67.9%) 239.3 (60.8%) 1,420.4 (60.4%)
Total 1,032.2 (100%) 813.9(100%) 393.6 (100%) 2,350.0 (100%)

¢ International Ya-inch rule.
Source: USDA FS (1997).

Table 3.4—Distribution of live-tree and sawtimber volume among major tree species

in the Assessment area

Species Live-tree volume Sawtimber volume
Cubic Percent Board Percent
feet/acre feet/acre

Shortleaf pine 214.4 20.7 847.6 359
White oak 172.1 16.6 339.0 14.4
Black oak 140.8 13.6 317.5 13.5
Post oak 117.0 11.3 142.4 6.0
Northern red oak 53.0 5.1 140.1 59
Loblolly pine 39.5 3.8 69.3 29
Scarlet oak 24.1 23 49.7 2.1
Sweetgum 20.9 2.0 55.2 23
Blackjack oak 19.9 1.9 5.8 0.2
Southern red oak 18.2 1.8 48.9 2.1
Other species 2143 20.7 344.8 14.6
Total 1,034.1 100 2,360.3 100

Source: USDA FS (1997).
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and scarlet, blackjack, chinquapin, and southern red oak)
account for about 50 percent of the live-tree volume and
44 percent of the sawtimber volume in the Assessment
area. Shortleaf pine alone, however, accounts for 36
percent of the board-foot volume in area. Almost 50
percent of the shortleaf pine sawtimber board-foot
volume in the Assessment area (9.56 billion board feet)
is located on national forest land.

Loblolly pine is the sixth-ranked species and accounts
for 3.8 percent of the live-tree volume in the Assess-
ment area. This species is native only to a handful of
counties along the southern boundary of the Assessment
area, but it is commonly used in intensive plantation
management by forest industry to the north of its natural
range, especially in the Ouachita Mountains.

Distribution of Volume in the Assessment Area.
Eighty percent of the growing-stock volume consists of
oaks (50 percent) and pines (30 percent)(fig. 3.9).
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Figure 3.9—Distribution of (A) growing-
stock volume and (B) sawtimber volume in
the Ozark-Ouachita Highlands by species

30 group.

Eighty five percent of the board-foot sawtimber volume
is oak (47 percent) or pine (38 percent). More than 50
percent of the growing-stock volume and sawtimber
volume are in hard hardwoods (primarily oaks but also
hickories, hard maple, beech, ashes, and black walnut).
Soft hardwoods (soft maples, sweetgum, tupelo,
blackgum, cottonwood, and basswood) account for
about 7 percent of the growing-stock and sawtimber
volumes in the Assessment area.

Only 30 percent of the timberland acreage in the
Assessment area have stand volumes greater than 1,000
cubic feet/ac (fig. 3.10). Ownership of this 30 percent is
not typical of the average. National forests account for
more than one-third (fig. 3.11), which is disproportion-
ately high, given that national forests occupy just over
16 percent of the Assessment area. Conversely, NIPF
landowners own nearly 75 percent of the stands with
less than 1,000 cubic feet/ac, another disproportionately
high percentage.

Figure 3.12 shows that there are more oaks than
pines in the Assessment area throughout the range of
diameter classes. Overall, there are 2.8 living oaks for
every live pine in the Assessment area. For every live
conifer (pines, eastern red cedar), there are 6.6 living
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Figure 3.10—Distribution of growing-stock volume and
timberland in the Ozark-Ouachita Highlands in stands of
various stocking levels.
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hardwoods. However, the proportion of conifers of
growing-stock quality (merchantable or sawtimber
category) is considerably higher than for hardwoods
(table 3.5). For conifers in general and pines in particu-
lar, the ratio of growing-stock trees to live trees exceeds
80 percent in all diameter classes and 95 percent in the
sawtimber size class. Conversely, the ratio does not
exceed 70 percent for oaks in any of the broad size
categories.

FIA analysts divide the live trees that are not of
growing-stock quality into two categories: (1) rough
trees, too gnarly or branched to qualify as growing
stock, and (2) rotten trees, which have excessive
internal defect. The volume of rough and rotten trees in
proportion to growing-stock trees is much greater in the
hardwood component, especially the hard hardwoods,
than in the pine or other conifer components (fig. 3.13).

These data suggest that a larger proportion of the
pines have potential commercial value than do oaks (or
hardwoods in general) in the Assessment area. There
are several causes for this trend. The determinate
growth form of conifers—the tendency of conifers to
produce a single stem—makes it easy to classify a
conifer as having potential commercial value early in the
tree’s life. Conversely, the indeterminate growth habit of
hardwoods—the tendency of hardwoods to form a
crooked stem or multiple stems under partially shaded
conditions—can result in a tree developing poor form,

Table 3.5—Percent of live trees that qualify as growing- stock
trees by size category and species group

Species All Merchant- Saw-
group species’ able” timber”
------------ Percent ------------
Pine 82.7 90.7 97.4
All conifers 83.3 89.3 95.4
Oak 66.1 69.1 64.9
All hardwoods 58.5 64.1 65.1
All trees 59.7 68.7 71.7

“<All sizes” consist of diameter classes 2 in. and larger.

b Merchantable size classes are diameter classes 4 in. and larger in the
conifer components and 6 in. and larger in the hardwood components.
¢ Sawtimber size classes are diameter classes 10 in. and larger in the
conifer components and 12 in. and larger in the hardwood components.
Source: USDA FS (1997).
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which reduces its commercial value. However, lack of
commercial value in no way diminishes the other
resource values trees provide, including mast crops and
cavities for use by wildlife.

Growth, Removals, and Mortality. The average
acre in the Ozark-Ouachita Highlands supports an
annual net growth of 29.6 cubic feet, most of which (85
percent) is in the pine and oak components (fig. 3.14).
Average annual removals by harvesting amount to 14.5
cubic feet/ac, of which 88 percent is in the pine and oak
components. The net result is that growth on the
average acre in the Assessment area is more than
double the removals. The oak component has a larger
growth-removals ratio than the pines, 6.9 versus 5.3
cubic feet/ac per year.

The average annual mortality rate is 12.3 percent of
the gross annual growth (3.7 cubic feet). However,
mortality rates differ between conifers and hard-
woods—>5.8 percent and 17.4 percent of gross annual
growth, respectively. Removals through harvest exceed
natural mortality by only 1.6 times in the hardwood
component but by over 9 times in the conifer compo-
nent.

Differences Among Ecological Sections. The
Ozark Highlands section dominates the Assessment
area, containing 22.87 million ac or 61 percent of the
total land area (fig. 3.15). The other three sections—the
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Ozark-Ouachita Highlands.

Ouachita Mountains, the Boston Mountains, and the
Arkansas Valley—occupy 18 percent, 11 percent, and
10 percent, respectively, of the area. Of the 23.95
million ac of total forest and in the Assessment area,
more than 50 percent are in the Ozark Highlands, again
followed in rank order by the Ouachita Mountains, the
Boston Mountains, and the Arkansas Valley. Total area,
forest land, and timberland acreage by section and
subsection are shown in table 3.6.

Within each section, the amount of forested land
differs considerably (fig. 3.16). In the Ozark Highlands,
only 56 percent of the land area is forested versus 60
percent in the Arkansas Valley, 78 percent in the Boston
Mountains, and 85 percent in the Ouachita Mountains.
The ratio of timberland to total forest land shows the
small amount of reserved forest land (such as wilder-
ness areas) and “other forest” in the Assessment area.
More than 95 percent of the forested area is commer-
cial timberland, i.e., capable of supporting commercial
timber harvests.

Private lands held by NIPF owners and forest
industry dominate the timberland acreage in the four
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Table 3.6—Total land area, forested land area, and timberland area by ecological section and subsection in the
Ozark-Ouachita Highlands (FIA data)

Ecological section

Subsection’ Map code Total land Forest land Timberland
——————————— Thousand acres - -----------
Ozark Highlands Section 222 22,780.9 12,901.8 12,189.8  St.
Francois Knobs and Basins 222Aa 1,092.1 750.2 688.0
Central Plateau 222Ab 6,338.7 3,099.1 3,013.9
Osage River Hills 222Ac¢ 1,399.2 855.3 7789
Gasconade River Hills 222Ad 1,087.5 654.3 612.9
Meramac River Hills 222Ae 1,168.1 891.4 881.6
Current River Hills 222Af 1,563.3 1,322.0 1,215.7
White River Hills 222Ag 3,583.7 2,342.8 2,121.6
Elk River Hills 222Ah 434.0 264.2 264.2
Black River Ozark Border 222A1 860.7 677.1 665.7
Springfield Plain 222Am 3,103.1 641.8 634.0
Springfield Plateau 222An 2,240.4 1,403.6 1,313.3
Boston Mountains Section M222 4,090.1 3,181.7 3,035.3
Upper Boston Mountains M222Aa 1,129.7 904.9 837.0
Lower Boston Mountains M222Ab 2,960.3 2,276.8 2,198.3
Arkansas Valley Section 231 3,725.1 2,253.3 2,192.8
Eastern Arkansas Valley 231Ga 1,470.1 774.3 754.8
Mount Magazine 231Gb 664.1 616.8 592.8
Western Arkansas Valley Mountains 231Ge 1,590.9 862.2 845.2
Ouachita Mountains Section M231 6,600.1 5,617.9 5,477.0
Fourche Mountains M231Aa 2,740.8 2,147.3 2,050.6
West Central Ouachita Mountains M231Ab 1,443.2 1,421.8 1,406.8
East Central Ouachita Mountains M231Ac 1,526.6 1,292.4 1,263.2
Athens Piedmont Plateau M231Ad 889.5 756.4 756.4
Total 37,286.2 23,954.8 22,894.9

“See figure 1.1 for locations.
Source: USDA FS (1997).

sections (fig. 3.17). In each section, more than 70 An examination of the distribution of types of forests
percent of timberland is in private ownership. In the shows hardwood forests are more widely distributed
Ozark Highlands and the Arkansas Valley, this figure than pine-dominated types in each section, but the
exceeds 83 percent. However, the character of private proportions shift from north to south (left to right in fig.
ownership differs by section. In the Ozark Highlands, 3.18). Oak or oak-pine forests are dominant on 90
Boston Mountains, and the Arkansas Valley, more than percent of timberland in the Ozark Highlands and

96 percent of the private timberlands are in NIPF Boston Mountains, but they account for 78 percent of
ownership. But in the Ouachita Mountains, NIPF the timberland in the Arkansas Valley and 58 percent in
owners own slightly less than one-half of the private the Ouachita Mountains. Generally, the percentage of
sector timberlands. Forest industry owns more than 2 pine forest acreage increases directly with the decreas-
million ac of timberland in the Ouachitas—80 percent of ing proportion of oak types. This relationship is most
the 2.5 million ac of forest industry timberland in the evident in the Ouachita Mountains, where pine types
entire Assessment area. occupy slightly over 40 percent of the timberland area.
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Figure 3.18—Distribution of timberland in the ecological sections of
the Ozark-Ouachita Highlands by forest type.

Overall, site productivity is inversely related to
latitude, with poorer productivity in the north. This trend
is especially apparent in the lowest site productivity
class (fig. 3.19). More than 90 percent of the timberland
in the Ozark Highlands and the Boston Mountains falls
in the two poorest classes. The only section with more
than 25 percent of timberland in the moderately produc-
tive class (85 to 120 cubic feet/ac per year) is the
Ouachita Mountains. Less than 5 percent of the timber-
land in any section has growth rates exceeding 120
cubic feet/ac per year.

Conversely, stocking of timberland does not differ
greatly among sections (fig. 3.20). The Boston Moun-
tains and Ouachita Mountains both have slightly less
timberland in understocked stands and slightly more in
overstocked stands than the Ozark Highlands or
Arkansas Valley sections. However, these differences
are not prominent. In addition the percent of area
occupied by sawtimber, pulpwood, and seedling-sapling
stands is similar across sections. There is a slightly
higher percentage of area occupied by stands of
sawtimber in the Ozark Highlands and Boston Moun-
tains, but again the differences among sections are not
prominent.
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Figure 3.19—Distribution of timberland in the ecological sections of
the Ozark-Ouachita Highlands by site quality (productivity) class.



—8— Ozark Highlands =~ —— Boston Mountains
—&— Arkansas Valley —#— Quachita Mountains

60% -

50% -

40% -

30% -

Timberland area

20% -

10% -

Stocking

Figure 3.20—Distribution of timberland in the ecological sections of
the Ozark-Ouachita Highlands by stocking class.

Ozark Highlands

General Land Attributes. The portion of the Ozark
Highlands section that lies within the Assessment area
includes 11 ecological subsections. Three of these—the
Central Plateau, the White River Hills, and the Spring-
field Plain—account for more than 50 percent of the
land area in this section. The Central Plateau and the
Springfield Plain are the only subsections with less than
50 percent of the land area in forest (fig. 3.21). When
these two subsections are excluded, the rest of the
Ozark Highlands is more than 66 percent forested, a
figure close to the Assessment area average. Percent-
age of land in forest cover varies from a low of 20
percent in the Springfield Plain subsection to a high of
85 percent in the Current River Hills subsection.

NIPF owners hold the majority of timberland in all but
one of the subsections (fig. 3.22). NIPF ownership
ranges from 49 percent in the Current River Hills to 97
percent in the Elk River Hills. Ten of the 11 subsections
have greater than 70 percent NIPF ownership of
timberland, and 6 have greater than 85 percent. Con-
versely, public ownership of timberland varies from 3
percent in the Elk River Hills subsection to just over 50
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Figure 3.21—Distribution of forested land and total land area
of the Ozark Highlands section by ecological subsection.

percent in the Current River Hills subsection. Figure 3.23
shows acres in public ownership by subsection. The four
subsections with greater than 20 percent Federal owner-
ship are the Gasconade River Hills, the Meramac River
Hills, the Current River Hills, and the Black River Ozark
Border. An inverse relationship exists between percent
of timberland ownership in the NIPF sector and percent
forest cover in this section—the higher the percentage of
timberland in NIPF ownership, the lower the percent
forest cover.

Oaks, especially the oak-hickory forest type, domi-
nate the timberlands of the Ozark Highlands in all
subsections (fig. 3.24). The percentage of oak types
(oak-hickory, oak-pine, and oak-gum-cypress) does not
fall below 87 percent in any of the subsections.
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Pine types are a minor component in all subsections,
reaching a maximum of 9 percent of timberland area in
the Gasconade River Hills subsection. This dominance
of oaks is also reflected in growing-stock and sawtimber
volume data. Hard hardwoods (such as oaks, hickory,
hard maple, and black walnut) account for 81 percent of
growing-stock volume and 79 percent of sawtimber
board-foot volume on timberland across the Ozark
Highlands. The range in hard hardwood volume on
timberlands among subsections varies from 74 percent
to 94 percent for growing-stock volume and from 71 to
94 percent for sawtimber board-foot volume.

General Forest Attributes. An average acre of
timberland in the Ozark Highlands section has 582 live
trees, of which 432 trees qualify as growing stock.
These data are higher than for the Assessment area as
a whole. Nearly 80 percent of the trees are in the 2-in.
and 4-in. diameter classes, which is high relative to
normal stocking standards. Softwoods account for less
than 10 percent of the live trees and 11 percent of
growing-stock trees per acre. Live-tree basal area of
the average timberland acre is 79.7 square feet, of
which 66 percent is in growing stock. The quadratic
mean diameter of the average tree on the average
timberland acre is 5 in.

More than 33 percent of the timberland area in the
Ozark Highlands is either poorly stocked or nonstocked.
As shown in fig. 3.25, national forests have the highest
proportion of lands either moderately stocked (defined
by FIA as between 60 to 100 percent stocked) or fully
stocked (defined by FIA as from 100 to 130 percent
stocked). The NIPF sector has the lowest proportion of
lands in these classes. Further, the NIPF sector has the
largest percentage of timberland (39 percent) in the two
poorest stocking classes, whereas national forests have
the smallest (slightly over 10 percent).

The average timberland acre in the Ozark Highlands
has a live-tree volume of 961 cubic feet, a growing-
stock volume of 660 cubic feet, a sawtimber cubic
volume of 304 cubic feet, and a sawtimber board-foot
volume of 1,800 board feet. Thus, the Ozark Highlands
appear to have stands with lower volumes, on average,
than the Assessment area as a whole (refer to table 3.3
for the latter). The contribution of pine to the volume
components increases slightly, from 7 percent of live-
tree volume to 14 percent of sawtimber volume, while
that of hard hardwoods decreases from 84 percent to 78
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Figure 3.25—Distribution of timberland in the Ozark
Highlands by stocking level and ownership category.

percent across the same range. Thus, pine appears to
contribute only in a minor way to the character of the
average acre in the Ozark Highlands.

The six species with the greatest volumes in the
Ozark Highlands are black oak, white oak, post oak,
shortleaf pine, scarlet oak, and northern red oak.
Together they make up 74 percent of the live-tree
volume, 77 percent of the growing-stock volume, and 81
percent of the sawtimber board-foot volume in this
section. Almost 24 percent of the growing-stock volume
of these six species is found on public lands, which
consists of 17 percent of the section’s timberland area.
Nearly 50 percent of the shortleaf pine and 40 percent
of the scarlet oak growing-stock volume in this section
are on public lands (fig. 3.26).

Conversely, the NIPF class owns 81 percent of the
timberland area but has only 74 percent of the volume.
Post oak is the only species on NIPF lands that has a
proportional growing-stock volume that exceeds the
proportion of timberland. These data suggest that
timberland in the public sector supports a disproportion-
ately high share of the growing-stock volume in this
section.

Growth, Removals, and Mortality. The Ozark
Highlands section shows a growth surplus in the major
forest types (fig. 3.27). Average annual net growth per
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growing-stock volume in the Ozark Highlands section by
species group.

acre on timberland in this section is 18.8 cubic feet, of
which 78 percent is in the hard hardwood component,
and 16 percent is in the pine component. Average
annual removals per acre total 8.5 cubic feet, of which
82 percent is hard hardwood and 15 percent is pine.
Thus, growth exceeds removals by 10.3 cubic feet/ac
annually.

Average annual mortality per acre on timberland in
this section is 4.1 cubic feet—nearly 18 percent of gross
annual growth per acre and slightly less than 50 percent
of the level of removals. Hardwood mortality is nearly
20 percent of gross hardwood growth, whereas soft-
wood mortality is 8 percent of growth—Iess than 50
percent of the mortality rate. The highest mortality rate
is in the soft hardwoods—nearly 30 percent of gross
growth.

Boston Mountains

General Land Attributes. The Boston Mountains
section occupies about 4 million ac. It has two ecologi-
cal subsections—the Upper Boston Mountains subsec-
tion (about 1 million ac) and the Lower Boston Moun-
tains subsection (about 3 million ac). Both are entirely
contained within the Assessment area and are about
equally forested (fig. 3.28)—80 percent for the Upper
Boston Mountains subsection and 77 percent for the
Lower Boston Mountains. About the same physical
area of each subsection is reserved woodland, which
results in a slightly lower proportion of timberland in the
Upper Boston Mountains subsection (92 percent) than
in the Lower Boston Mountains (97 percent).

Land ownership in the subsections differs slightly
(fig. 3.29). More than 33 percent of the Upper Boston
Mountains subsection is public land, with 98 percent of
that in national forest. The balance of slightly less than
66 percent of the timberland is in private ownership. In
the Lower Boston Mountains subsection, about 27
percent of the timberland is public land, of which 84
percent is national forest. Of the 70 percent of Lower
Boston Mountains timberland that is in private owner-
ship, 6 percent is owned by forest industry and the
balance by NIPF owners.

Forest types also differ in these subsections (fig.
3.30). More than 97 percent of the timberland area in
the Upper Boston Mountains subsection is oak-domi-
nated, with more than 92 percent in the oak-hickory
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Figure 3.28—Distribution of timberland, other forest land,
and nonforest land in the Boston Mountains section by
ecological subsection.
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Figure 3.29—Distribution of nonforest land, timberland, and other
forest land by ownership category in the Boston Mountains by
ecological subsection. (NIPF = nonindustrial private forest)

type alone. In the Lower Boston Mountains, pine and
oak-pine types are more prominent (at 11 and 13
percent, respectively), although oak-hickory remains the
most prevalent forest type.

The dominance of oaks in the Upper Boston Moun-
tains and the higher amount of pine in the Lower Boston
Mountains are also apparent in growing-stock and
sawtimber-volume data (figs. 3.31 and 3.32). Hard
hardwoods make up 82 percent of the growing-stock
volume in the Boston Mountains and 80 percent of the
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Figure 3.30—Distribution of timberland in the Boston Mountains
by forest type and ecological subsection.

sawtimber board-foot volume. These percentages are
almost identical to those in the Ozark Highlands section.
However, hard hardwoods only make up 64 percent of
growing-stock volume and 58 percent of sawtimber
board-foot volume in the Lower Boston Mountains
subsection.

Conversely, pine increases from less than 5 percent
of growing-stock volume and 6 percent of sawtimber
board-foot volume in the Upper Boston Mountains to 20
percent of the growing-stock volume and more than 25



2,500 W Hard hardwood percent of the sawtimber board-foot volume in the
E [ Soft hardwood Lower Boston Mountains.
2 2000t Il Other softwood General Forest Attributes. The average acre of
§ B Pine timberland in the Boston Mountains section has 612 live
2 trees, of which 277 are of growing-stock quality. These
£ 1500 values are greater than the average for the Assessment
g area. The 2-in. and 4-in. d.b.h. classes contain 75
TE 1000 | percent of the live trees, but only 56 percent of growing-
g stock trees. Only 33 percent of the trees in these two
i classes are growing stock, compared to slightly more
£ 500+ than 80 percent in the diameter classes 6 in. and larger.
§ Softwoods account for about 10 percent of the live

0 } } trees and 18 percent of growing-stock trees, which is

approximately equal to and slightly greater than the
respective softwood percentages in the Ozark High-
lands section. This also indicates an increasing promi-
nence of softwoods in the growing-stock component of
the Boston Mountains section.

Slightly more than 70 percent of the land in the
Boston Mountains section is either fully stocked or over-
stocked, a higher percentage than for the Ozark High-
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Figure 3.31—Distribution of growing-stock volume in the Boston
Mountains by species group and ecological subsection.
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_ “other public” sector is in these classes (fig. 3.33).
E 6,000 + [ Pne The average timberland acre in the Boston Moun-
= tains section has a live-tree volume of 1,242 cubic feet,
é 5000 L a growing-stock volume of 1,096 cubic feet, a sawtim-
2 ’ ber cubic volume of 524 cubic feet, and a sawtimber
S 000 1 board-foot volume of 3,151 board feet. These values are
E approximately 25 percent higher than the averages for
S the Assessment area (refer to table 3.3 for the latter).
g 3,000 - The Boston Mountains section appears to have better
£ sites and a higher percent stocking, on average, than the
5 2,000 + Ozark Highlands. Fifteen percent of the growing-stock
volume and 21 percent of the sawtimber cubic foot
1,000 + volume is pine. Hard hardwoods account for 69 percent
of the growing-stock volume and 64 percent of the
0 } } sawtimb